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This edition of NFPA 850, Recommended Practice for Five Protection for Electric Generating Plants 
and High Voltage Direct Current Converter Stations, was prepared by the Technical Committee on 
Electric Generating Plants and acted on by the National Fire Protection Association, Inc., at 
its November Meeting held November 14-17, 1999, in New Orleans, LA. It was issued by the 
Standards Council on January 14, 2000, with an effective date of February 11, 2000, and super- 
sedes all previous editions. 

This edition of NFPA 850 was approved as an American National Standard on February 11, 
2000. 


Origin and Development of NFPA 850 


The Committee on Non-Nuclear Power Generating Plants was organized in 1979 to have 
primary responsibility for documents on fire protection for non-nuclear electric generating 
plants. Begun early in 1980, the first edition of NFPA 850 was officially released in 1986 as the 
Recommended Practice for Fire Protection for Fossil Fueled Steam Electric Generating Plants. 


The second edition of NFPA 850 was issued in 1990 under the revised title of Recommended 
Practice for Five Protection for Fossil Fueled Steam and Combustion Turbine Electric Generating Plants. 
This second edition incorporated a new Chapter 6 on the identification and protection of 
hazards for combustion turbines. 


In 1991 the committee changed its name to the Technical Committee on Electric Gener- 
ating Plants. This simplified name was made to reflect the committee’s scope to cover all types 
of electric generating plants except nuclear. 


The 1992 edition of NFPA 850 incorporated a new Chapter 7 on alternative fuel electric 
generating plants. As part of these changes, the document title was revised to the Recommended 
Practice for Fire Protection for Electric Generating Plants. Various other technical and editorial 
changes were also made. 


The 1996 edition of the standard added a new Chapter 8 on fire protection for high volt- 
age direct current (HVDC) converter stations. In addition, the title was changed to Recom- 
mended Practice for Fire Protection for Electric Generating Plants and High Voltage Direct Current 
Converter Stations to incorporate the new chapter. 


The 2000 edition revised the application of the document to apply to existing facilities, as 
it is a good industry practice. Chapter 2 was reorganized to be specific to a fire risk control 
program. The document also clarifies that a single water tank is not a reliable water supply, 
the spacing of hydrants, and lock-out of five suppression systems, and additional require- 
ments were added for water mist fire suppression systems. 
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NOTICE: An asterisk (*) following the number or letter des- 
ignating a paragraph indicates that explanatory material on 
the paragraph can be found in Appendix A. 

Information on referenced publications can be found in 
Chapter 10 and Appendix E. 

Changes other than editorial are indicated by a vertical rule 
in the margin of the pages on which they appear. These lines 
are included as an aid to the user in identifying changes from 
the previous edition. 


Chapter 1 Introduction 


1-1 Scope. This document provides recommendations (not 
requirements) for fire prevention and fire protection for elec- 
tric generating plants and high voltage direct current con- 
verter stations, except as follows: nuclear power plants are 
addressed in NFPA 803, Standard for Fire Protection for Light 
Water Nuclear Power Plants; and hydroelectric plants are 
addressed in NFPA 851, Recommended Practice for Fire Protection 
for Hydroelectric Generating Plants. 


1-2 Purpose. 


1-2.1 This document is prepared for the guidance of those 
charged with the design, construction, operation, and protec- 
tion of fossil fueled (i.e., coal, gas, or oil) or alternative fueled 
(i.e., municipal solid waste, refuse derived fuel, biomass, rub- 
ber tires, and other combustibles) steam electric generating 
plants, combustion turbine and internal combustion engine 
electric generating plants, and high voltage direct current 
converter stations. 


1-2.2 This document provides fire prevention and fire protec- 
tion recommendations for the safety of construction and oper- 
ating personnel, the physical integrity of plant components, 
and the continuity of plant operations. 


1-2.3 Nothing in this document is intended to restrict new 
technologies or alternative arrangements. 


1-3 Application. 


1-3.1 This document is intended for use by persons knowl- 
edgeable in the application of fire protection for electric gen- 
erating plants and high voltage direct current converter 
stations. 


1-3.2 The recommendations contained in this document are 
intended for new installations, as the application to existing 
installations might not be practicable. However, the recom- 
mendations contained in this document represent good 
industry practice and should be considered for existing instal- 
lations. 


1-3.3 It should be recognized that rigid uniformity of generat- 
ing station design and operating procedures does not exist 
and that each facility will have its own special conditions that 
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impact on the nature of the installation. Many of the specific 
recommendations herein might require modification after 
due consideration of all local factors involved. 


1-4 Definitions. 


1-4.1 Alternative Fuels. Solid fuels such as municipal solid 
waste (MSW), refuse derived fuel (RDF), biomass, rubber 
tires, and other combustibles that are used instead of fossil 
fuels (gas, oil, or coal) in a boiler to produce steam for the 
generation of electrical energy. 


1-4.2* Approved. Acceptable to the authority having jurisdic- 
tion. 


1-4.3* Authority Having Jurisdiction. The organization, 
office, or individual responsible for approving equipment, 
materials, an installation, or a procedure. 


1-4.4 Barrier, Fire. A continuous membrane, either vertical 
or horizontal, such as a wall or floor assembly, that is designed 
and constructed with a specified fire resistance rating to limit 
the spread of fire and that will also restrict the movement of 
smoke. Such barriers can have protected openings. 


1-4.5 Biomass. A boiler fuel manufactured by means of a pro- 
cess that includes storing, shredding, classifying, and convey- 
ing of forest and agricultural byproducts (e.g., woodchips, rice 
hulls, sugar cane). 


1-4.6 Combustible. Any material that does not comply with 
the definition of either noncombustible or limited combus- 
tible. 


1-4.7 Combustible Liquid. A liquid having a flash point at or 
above 100°F (37.8°C). (See NFPA 30, Flammable and Combustible 
Liquids Code.) 


1-4.8 Fire Loading. The amount of combustibles present in a 
given area, expressed in Btu/ft*? (kJ/m?). 


1-4.9 Fire Point. The lowest temperature at which a liquid in 
an open container will give off sufficient vapors to burn once 
ignited. It generally is slightly above the flash point. 


1-4.10 Fire Prevention. Measures directed toward avoiding 
the inception of fire. 


1-4.11 Fire Protection. Methods of providing for fire control 
or fire extinguishment. 


1-4.12 Fire Protection Rating. The time, in minutes or hours, 
that materials and assemblies used as opening protection have 
withstood a fire exposure as established in accordance with 
test procedures of NFPA 252, Standard Methods of Fire Tests of 
Door Assemblies, and NFPA 257, Standard on Fire Test for Window 
and Glass Block Assemblies, as applicable. 


1-4.13 Fire Rated Penetration Seal. An opening in a fire bar- 
rier for the passage of pipe, cable, duct, and so forth, that has 
been sealed so as to maintain a barrier rating. 


1-4.14 Fire-Resistant Fluid. A listed hydraulic fluid or lubri- 
cant that is difficult to ignite due to its high fire point and 
autoignition temperature and that does not sustain combus- 
tion due to its low heat of combustion. 


1-4.15 Fire Resistance Rating. The time, in minutes or hours, 
that materials or assemblies have withstood a fire exposure as 
established in accordance with the test procedures of NFPA 
251, Standard Methods of Tests of Fire Endurance of Building Con- 
struction and Materials. 
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1-4.16 Flammable Liquid. Any liquid having a flash point 
below 100°F (37.8°C) and having a vapor pressure not exceed- 
ing an absolute pressure of 40 psi (276 kPa) at 100°F (37.8°C). 
(See NFPA 30, Flammable and Combustible Liquids Code.) 


1-4.17 Fluid, Nonflammable. A nonflammable dielectric 
fluid that does not have a flash point and is not flammable in 
air. 


1-4.18 Fossil Fueled. Fuel containing chemical energy, which 
has been formed from animal and plant matter over many 
years (i.e., oil, coal, and natural gas) that are used in a boiler 
to produce steam for the generation of electrical energy. 


1-4.19 High Fire Point Liquid. A combustible dielectric liq- 
uid listed as having a fire point of not less than 572°F (300°C). 


1-4.20 High Voltage Direct Current (HVDC) Converter 
Station. A facility that functions as an electrical rectifier (ac- 
dc) or an inventor (dc-ac) to control and transmit power in a 
high voltage network. There are two types of HVDC valves — 
the mercury arc valve and the present-day technology solid 
state thyristor valve. Both types of valves present a fire risk due 
to high voltage equipment that consists of oil-filled converter 
transformers, wall bushings, and capacitors in addition to var- 
ious polymeric components. 


1-4.21 Interior Finish. The exposed interior surfaces of build- 
ings including, but not limited to, fixed or movable walls and 
partitions, columns, and ceilings. Interior finish materials are 
grouped as Class A Interior Finish and Class B Interior Finish. 


1-4.21.1 Interior Finish, Class A. Materials having flame 
spread 0-25, smoke developed 0-450 when tested in accor- 
dance with NFPA 255, Standard Method of Test of Surface Burning 
Characteristics of Building Materials. Includes any material classi- 
fied at 25 or less on the flame spread test scale and 450 or less 
on the smoke test scale when any element thereof, when 
tested, does not continue to propagate fire. 


1-4.21.2 Interior Finish, Class B. Materials having flame 
spread 26-75, smoke developed 0-450 when tested in accor- 
dance with NFPA 255, Standard Method of Test of Surface Burning 
Characteristics of Building Materials. Includes any material classi- 
fied at more than 25, but not more than 75, on the flame 
spread test scale and 450 or less on the smoke test scale. 


1-4.22 Labeled. Equipment or materials to which has been 
attached a label, symbol, or other identifying mark of an orga- 
nization that is acceptable to the authority having jurisdiction 
and concerned with product evaluation, that maintains peri- 
odic inspection of production of labeled equipment or mate- 
rials, and by whose labeling the manufacturer indicates 
compliance with appropriate standards or performance in a 
specified manner. 


1-4.23 Limited Combustible. As applied to a building con- 
struction material, a material not complying with the definition 
of noncombustible material that, in the form in which it is 
used, has a potential heat value not exceeding 3500 Btu/Ilb 
(8.14 x 10° J/kg) (see NFPA 259, Standard Test Method for Potential 
Heat of Building Materials), and complies with one of the follow- 
ing: (a) materials having a structural base of noncombustible 
material with a surfacing not exceeding a thickness of !/g in. 
(3.175 mm) that has a flame spread rating not greater than 50; 
or (b) materials, in the form and thickness used, other than as 
described in (a), having neither a flame spread rating greater 
than 25 nor evidence of continued progressive combustion, 
and of such composition that the surfaces that would be 
exposed by cutting through the material on any plane would 


have neither a flame spread rating greater than 25 nor evi- 
dence of continued progressive combustion as tested in accor- 
dance with NFPA 255, Standard Method of Test of Surface Burning 
Characteristics of Building Materials. Materials subject to increase 
in combustibility or flame spread rating beyond the limits 
herein established through the effects of age, moisture, or 
other atmospheric condition are considered combustible. 


14.24 Liquid, Less Flammable. A combustible dielectric liquid 
listed as having a fire point of not less than 572°F (300°C). 


1-4.25* Listed. Equipment, materials, or services included in 
a list published by an organization that is acceptable to the 
authority having jurisdiction and concerned with evaluation 
of products or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic eval- 
uation of services, and whose listing states that either the 
equipment, material, or service meets appropriate designated 
standards or has been tested and found suitable for a specified 
purpose. 


1-4.26 Mass Burn. A process in which municipal solid waste is 
hauled directly to a tipping floor or storage pit and then is 
used as a boiler fuel without any special processing. 


1-4.27 Municipal Solid Waste (MSW). Solid waste materials 
consisting of commonly occurring residential and light com- 
mercial waste. 


14.28 Noncombustible. A material that, in the form in which it 
is used and under the conditions anticipated, will not aid com- 
bustion or add appreciable heat to an ambient fire. Materials 
when tested in accordance with ASTM E 136, Standard Test 
Method for Behavior of Materials in a Vertical Tube Furnace at 750°C, 
and conforming to the criteria contained in Section 7 of the ref- 
erenced standard are considered noncombustible. 


1-4.29 Refuse Derived Fuel (RDF). A boiler fuel manufac- 
tured by means of a process that includes storing, shredding, 
classifying, and conveying of municipal solid waste. 


1-4.30 Should. Indicates a recommendation or that which is 
advised but not required. 


1-5 Units. Metric units in this document are in accordance 
with the International System of Units, which is officially 
abbreviated SI in all languages. For a full explanation, see 
ASTM SI 10, Standard for Use of the International System of Units 
(SI): The Modern Metric System. 


Chapter 2 Fire Risk Control Program 


2-1 General. 


2-1.1 This chapter provides recommended criteria for the 
development of a fire risk control program that contains 
administrative procedures and controls necessary for the exe- 
cution of the fire prevention and fire protection activities and 
practices for electric generating plants and high voltage direct 
current converter stations. 


2-1.2 The fire risk control program recommended in this 
chapter should be reviewed and updated periodically. 


2-1.3 The intent of this chapter can be met by incorporating 
the features of this chapter in the plant’s operating proce- 
dures or otherwise as determined by plant management. 
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2-2. Management Policy and Direction. 


2-2.1 Corporate management should establish a policy and 
institute a comprehensive fire risk control program to promote 
the conservation of property, continuity of operations, and pro- 
tection of safety to life by adequate fire prevention and fire pro- 
tection measures at each facility. 


2-2.2 Proper preventative maintenance of operating equipment 
as well as adequate operator training are important aspects of a 
viable fire prevention program. 


2-3 Fire Risk Control Program. A written plant fire preven- 
tion program should be established and as a minimum should 
include the following: 


(a) Fire safety information for all employees and contractors. 
This information should include, as a minimum, familiarization 
with fire prevention procedures, plant emergency alarms and 
procedures, and how to report a fire. 

(b) Documented regularly scheduled plant inspections 
including provisions for handling of remedial actions to correct 
conditions that increase fire hazards. 

(c) A description of the general housekeeping practices 
and the control of transient combustibles. Fire experience has 
shown that transient combustibles can be a significant factor 
during a fire situation, especially during outages. 

(d) Control of flammable and combustible liquids and 
gases in accordance with appropriate NFPA standards. 

(e) Control of ignition sources including smoking, grinding, 
welding, and cutting. (See NFPA 51B, Standard for Fire Prevention 
During Welding, Cutting and Other Hot Work) 

(f) Fire prevention surveillance. (See NFPA 601, Standard 
for Security Services in Fire Loss Prevention.) 

(g) Fire report, including an investigation and a statement 
on the corrective action to be taken. (See Appendix B.) 

(h) Fire hazards of materials located in the plant or storage 
areas identified in accordance with NFPA 704, Standard System 
for the Identification of the Hazards of Materials for Emergency 
Response. 


2-4 Fire Protection Program. 
2-4.1 Testing, Inspection, and Maintenance. 


2-4.1.1 Upon installation, all fire protection systems should 
be preoperationally inspected and tested in accordance with 
applicable NFPA standards. Where appropriate standards 
do not exist, inspection and test procedures outlined in the 
purchase and design specifications should be followed. 


2-4.1.2* All fire protection systems and equipment should be 
periodically inspected, tested, and maintained in accordance 
with applicable National Fire Codes®. (See Table 2-4.1.2 for guidance.) 


2-4.1.3 Testing, inspection, and maintenance should be 
documented with written procedures, results, and follow-up 
corrective actions recorded and tracked for closure. 


2-4.2 Impairments. 


2-4.2.1 A written procedure should be established to address 
impairments to fire protection systems and other plant sys- 
tems that impact the level of fire hazard (e.g., dust collection 
systems, HVAC systems). As a minimum this procedure 
should address the following: 


(1) Identify equipment not available for service 
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(2) Identify personnel to be notified (e.g., plant fire brigade 
leader, public fire department, plant fire protection coor- 
dinator, control room operator, etc.) 


(3) Increase fire surveillance as needed [see 2-3(f)] 


(4) Provide additional protected measures as necessary (e.¢., 
temporary water supplies, additional hose, etc.) 


Table 2-4.1.2 Reference Guide for Fire Equipment 


Inspection, Testing, and Maintenance 


NFPA 

Item Document No. 
Supervisory and Fire Alarm Circuits 72 
Fire Detectors 72 
Manual Fire Alarms 72 
Sprinkler Water Flow Alarms 25/72 
Sprinkler and Water Spray Systems 25/72 
Foam Systems 11A/16/25 
Halogenated Agent, Chemical and 12/12A/17/2001 
COg Systems 
Fire Pumps and Booster Pumps 25/72 
Water Tanks and Alarms 25/72 
PI.V.s and O.S. & Y. Valves 25/72 
Fire Hydrants and Associated Valves 13/24 
Fire Hose and Standpipes and Hose 1962/25 
Nozzles 
Portable Fire Extinguishers 10 
Fire Brigade Equipment 1971 
Fire Doors and Dampers 80/90A 
Smoke Vents 204 
Emergency Lighting 110 
Radio Communication Equipment 1221 
Audible and Visual Signals 72 


2-4.2.2 Impairment to fire protection systems should be as 
short in duration as practical. If the impairment is planned, all 
necessary parts and manpower should be assembled prior to 
removing the protection system(s) from service. When an 
impairment is not planned, or when a system has discharged, 
the repair work or system restoration should be expedited. 


2-4.2.3 Proper reinstallation after maintenance or repair 
should be performed to ensure proper systems operation. 
Once repairs are complete, tests that will ensure proper oper- 
ation and restoration of full fire protection equipment capa- 
bilities should be made. Following restoration to service, the 
parties previously notified of the impairment should be 
advised. The latest revision of the design documents reflecting 
as-built conditions should be available to ensure that the sys- 
tem is properly reinstalled (e.g., drawings showing angles of 
nozzles). 


2-4.3 Management of Change. A system should be imple- 
mented that would ensure that the appropriate individual(s) 
with fire protection responsibility, are made aware of new con- 
structions, modifications to existing structures, changes to 
operating conditions, or other action that could impact the 
fire protection of the plant. The fire risk evaluation and the 
appropriate procedures and programs discussed in this chap- 
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ter might need to be revised to reflect the impact of this 
action. 


2-4.4* Fire Emergency Plan. A written fire emergency plan 
should be developed, and, as a minimum, this plan should 
include the following: 


(1) Response to fire alarms and fire systems supervisory 
alarms 

(2) Notification of personnel identified in the plan 

(3) Evacuation of employees not directly involved in fire- 
fighting activities from the fire area 

(4) Coordination with security forces or other designated 
personnel to admit public fire department and control 
traffic and personnel 

(5) Fire preplanning that defines fire extinguishment activities 

(6) Periodic drills to verify viability of the plan 

(7) Control room operator(s) and auxiliary operator(s) 
activities during fire emergencies 


2-4.5 Fire Brigade. 


2-4.5.1 The size of the plant and its staff, the complexity of fire 
fighting problems, and the availability of a public fire depart- 
ment should determine the requirements for a fire brigade. 
NFPA 600, Industrial Fire Brigade, and OSHA standard 29 CFR 
1910.156, “Fire Brigades,” should be consulted for determin- 
ing operation limitations. 


2-4.5.2* If a fire brigade is provided, its organization and 
training should be identified in written procedures. 


2-4.6 Turbine Lubricating Oil Fires. A critical aspect of 
responding to turbine lubricating oil fires is minimizing the 
size and duration of the oil spill. The need for lubrication to 
protect the turbine-generator bearings and shaft should be 
balanced against the fire damage from allowing the oil leak to 
continue. The following steps may be useful in minimizing fire 
damage and should be considered during preplanning and 
training for emergency conditions: 


(1) Tripping the turbine 
(2) Breaking condenser vacuum 
(3) Emergency purging of the generator 
(4) Shut down oil pumps 

Shutting down oil pumps can cause additional mechanical 
damage to the turbine depending on rotating speed. However, 
it can be effective in mitigating the overall damage due to fire. 
(See Appendix D.) 


2-4.7 Special Fire Fighting Conditions. This section discusses 
special fire fighting conditions unique to fossil fueled steam 
electric generating plants. This information might be useful in 
fire preplanning. It could also be utilized in the education and 
training of both on-site and off-site fire fighting personnel who 
would respond in the event of a fire emergency. 


2-4.7.1 Regenerative Air Heaters. Since laboratory tests and 
reported incidents indicated a rapid increase in temperature 
to the 2800°F-3000°F (1537°C-1648°C) range in an air pre- 
heater fire, great care should be given to manual fire fighting. 
Large amounts of water will be needed to cool and extinguish 


a preheater fire. Fire preplanning should be accomplished to 
ensure use of an adequate number of access doors and safe 
access to the doors. 


2-4.7.2. Electrostatic Precipitators. Once a fire is detected, 
the unit should go into emergency shutdown immediately. It 
should be recognized that during operation the atmosphere 
in the precipitator is oxygen-deficient and opening doors or 
running system fans following a fuel trip could cause condi- 
tions to worsen (increased potential for backdraft explosion). 
Once the flow of air and fuel to the fire has been stopped and 
the electrostatic precipitator has been shut down and deener- 
gized, the precipitator doors may be permitted to be opened 
and water hoses employed if necessary. 


2-4.7.3. Cable Trays. Cable tray fires should be handled like 
any fire involving energized electrical equipment. It may not 
be practical or desirable to deenergize the cables involved in 
the fire. Water is the most effective extinguishing agent for 
cable insulation fires but should be applied with an electrically 
safe nozzle. Some cables [polyvinyl chloride (PVC), Neo- 
prene, or Hypalon] can produce dense smoke in a very short 
time. In addition, PVC liberates hydrogen chloride (HCl) gas. 
Self-contained breathing apparatus should be used by person- 
nel attempting to extinguish cable tray fires. 


2-4.7.4 Hydrogen System. Due to the wide explosive limits of 
hydrogen (4 percent to 75 percent volume of gas in air), 
under most conditions it is safer to allow a hydrogen fire to 
burn in a controlled manner until the gas can be shut off 
rather than to risk an explosion. It may be necessary to extin- 
guish the fire in order to gain access to the shutoff valves. 


2-4.7.5 Coal Storage and Handling. 


2-4.7.5.1 Once the location and extent of a fire in a coal storage 
pile has been determined, the coal should be dug out and the 
heated coal removed. Since moisture accelerates oxidation, 
water used for fire fighting can aggravate the situation if the seat 
of the fire is not reached. 


2-4.7.5.2 Clearly marked access panels in equipment should be 
provided for manual fire fighting. Coal dust presents both a fire 
and explosion hazard. Combustible, finely divided material is 
easily ignited. However, there is a possibility that a deep seated 
hard-to-extinguish fire can occur. 


CAUTION 


Application of an extinguishing agent that disturbs coal 
dust deposits could result in a dust explosion. 


2-4.7.6 Coal Pulverizers. (See NFPA 8502, Standard for the Pre- 
vention of Furnace Explosions/Implosions in Multiple Burner Boilers, 
and NFPA 8503, Standard for Pulverized Fuel Systems.) 


2-5 Identification of Fire Hazards of Materials. Materials 
located in the plant or storage areas should be identified in 
accordance with NFPA 704, Standard System for the Identifica- 
tion of the Hazards of Materials for Emergency Response. 
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Chapter 3 General Plant Design 


3-1 Fire Risk Evaluation. A fire risk evaluation should be ini- 
tiated as early in the design process as practical to ensure that 
the fire prevention and fire protection recommendations as 
described in this document have been evaluated in view of the 
plant-specific considerations regarding design, layout, and 
anticipated operating requirements. The evaluation should 
result in a list of recommended fire prevention features to be 
provided based on acceptable means for separation or control 
of common and special hazards, the control or elimination of 
ignition sources, and the suppression of fires. 


3-2 Plant Arrangement. 
3-2.1 Fire Area Determination. 


3-2.1.1 The electric generating plant and high voltage direct 
current converter station should be subdivided into separate 
fire areas as determined by the fire risk evaluation for the pur- 
pose of limiting the spread of fire, protecting personnel, and 
limiting the resultant consequential damage to the plant. Fire 
areas should be separated from each other by fire barriers, 
spatial separation, or other approved means. 


3-2.1.2 Determination of fire area boundaries should be 
based on consideration of the following: 


(1) Types, quantity, density, and locations of combustible 
material 

(2) Location and configuration of plant equipment 

(3) Consequence of losing plant equipment 

(4) Location of fire detection and suppression systems 


3-2.1.3* Unless consideration of the factors of 3-2.1.2 indi- 
cates otherwise, it is recommended that fire area boundaries 
be provided to separate the following: 


(1) Cable spreading room(s) and cable tunnel(s) from 
adjacent areas 

(2) Control room, computer room, or combined control/ 
computer room from adjacent areas 

(3) Rooms with major concentrations of electrical equip- 
ment, such as switchgear room and relay room, from 
adjacent areas 

(4) Battery rooms from adjacent areas 

(5) Maintenance shop(s) from adjacent areas 

(6) Main fire pump(s) from reserve fire pump(s) where 
these pumps provide the only source of fire protection 
water 

(7) Fire pumps from adjacent areas 

(8) Warehouses from adjacent areas 

(9) Emergency diesel generators from each other and from 
adjacent areas 

(10) Fossil fuel-fired auxiliary boiler(s) from adjacent areas 

(11) Fuel oil pumping, fuel oil heating facilities, or both, used 
for continuous firing of the boiler from adjacent areas 

(12) Storage areas for flammable and combustible liquid 
tanks and containers from adjacent areas 

(13) Office buildings from adjacent areas 

(14) Telecommunication rooms from adjacent areas 

(15) Adjacent turbine generators beneath the underside of 
the operating floor 


3-2.1.4 Fire barriers separating fire areas should be a mini- 
mum of 2-hour fire resistance rating. 


3-2.1.5 If a fire area is defined as a detached structure, it 
should be separated from other structures by an appropriate 
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distance [e.g., 30 ft (9.1 m) minimum for a structure with 
moderate combustible loading and with a non-fire rated 
enclosure]. 


3-2.2 Openings in Fire Barriers. 


3-2.2.1* All openings in fire barriers should be provided with 
fire door assemblies, fire dampers, penetration seals (fire 
stops), or other approved means having a fire protection rat- 
ing consistent with the designated fire resistance rating of the 
barrier. Windows in fire barriers (e.g., control rooms or com- 
puter rooms) should be provided with a fire shutter or auto- 
matic water curtain. Penetration seals provided for electrical 
and piping openings should be listed or should meet the 
requirements for an “F” rating when tested in accordance with 
ASTM E 814, Five Tests of Through-Penetration Fire Stops. Other 
test methods for qualifications of penetration seals, such as 
IEEE 634, Testing of Five Rated Penetration Seals, may be permit- 
ted to be considered for this application. 


3-2.2.2 Fire door assemblies, fire dampers, and fire shutters 
used in 2-hour rated fire barriers should be rated not less than 
11/, hour. (See NFPA 80, Standard for Fire Doors and Fire Windows.) 


3-2.3 Hydrogen Storage. Hydrogen storage facilities should 
be separated from adjacent areas. (See NFPA 50A, Standard for 
Gaseous Hydrogen Systems at Consumer Sites, and NFPA 50B, Stan- 
dard for Liquefied Hydrogen Systems at Consumer Sites.) 


3-2.4 Outdoor Oil-Insulated Transformers. 


3-2.4.1 Outdoor oil-insulated transformers should be sepa- 
rated from adjacent structures and from each other by fire- 
walls, spatial separation, or other approved means for the 
purpose of limiting the damage and potential spread of fire 
from a transformer failure. 


3-2.4.2 Determination of the type of physical separation to be 
used should be based on consideration of the following: 


(1) Type and quantity of oil in the transformer 

(2) Size ofa postulated oil spill (surface area and depth) 
(3) Type of construction of adjacent structures 

(4) Power rating of the transformer 

(5) Fire suppression systems provided 

(6) Type of electrical protective relaying provided 


3-2.4.3* Unless consideration of the factors in 3-2.4.2 indicates 
otherwise, it is recommended that any oil-insulated transformer 
containing 500 gal (1893 L) or more of oil be separated from 
adjacent noncombustible or limited combustible structures by a 
2-hour rated firewall or by spatial separation in accordance with 
Table 3-2.4.3. Where a firewall is provided between structures 
and a transformer, it should extend vertically and horizontally as 
indicated in Figure 3-2.4.3. 


Table 3-2.4.3 Outdoor Oil Insulated Transformer 
Separation Criteria 


Minimum (Line-of-Sight) 


Transformer Oil Capacity Separation without Firewall 


Less than 500 gal (1893 L) See 3-2.4.2 
500 gal to 5000 gal (1893 L to 25 ft (7.6 m) 
18,925 L) 

Over 5000 gal (18,925 L) 50 ft (15 m) 
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FIGURE 3-2.4.3 Outdoor oil-insulated transformer separation criteria. 
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3-2.4.4 Unless consideration of the factors in 3-2.4.2 indicates 
otherwise, it is recommended that adjacent oil-insulated trans- 
formers containing 500 gal (1893 L) or more of oil be sepa- 


Section View 
* 
Building 
x 
* 
Firewall 
Transformer 
I 
ms <X >| 
I 
Building 
; 1 ft (0.3 m) 
Firewall ea 
Transformer 


Firewall 


Building 


Transformer 


rated from each other by a 2-hour rated firewall or by spatial 
separation in accordance with Table 3-2.4.3. Where a firewall 
is provided between transformers, it should extend at least | ft 
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(0.31 m) above the top of the transformer casing and oil con- 
servator tank and at least 2 ft (0.61 m) beyond the width of the 
transformer and cooling radiators. 


3-2.4.5* Where a firewall is provided, it should be designed to 
withstand the effects of exploding transformer bushings or 
lightning arrestors. 


3-2.4.6 Where a firewall is not provided, the edge of the pos- 
tulated oil spill (i.e., containment basin, if provided) should 
be separated by a minimum of 5 ft (1.5 m) from the exposed 
structure to prevent direct flame impingement on the struc- 
ture. 


3-2.4.7 Outdoor transformers insulated with a less flammable 
liquid should be separated from each other and from adja- 
cent structures that are critical to power generation by fire- 
walls or spatial separation based on consideration of the 
factors in 3-2.4.2 and 3-2.4.5. 


3-2.5 Indoor Transformers. 


3-2.5.1 Dry-type transformers are preferred for indoor instal- 
lations. 


3-2.5.2* Ojil-insulated transformers of greater than 100 gal 
(379 L) oil capacity installed indoors should be separated 
from adjacent areas by fire barriers of 3-hour fire resistance 
rating. 


3-2.5.3 Transformers having a rating greater than 35 kV, insu- 
lated with a less flammable liquid or nonflammable fluid and 
installed indoors should be separated from adjacent areas by 
fire barriers of 3-hour fire resistance rating. 


3-2.5.4 Where transformers are protected by an automatic 
fire suppression system, the fire barrier fire resistance rating 
may be permitted to be reduced to 1 hour. 


3-3 Life Safety. 


3-3.1 For life safety for electric generating plants included in 
the scope of this document, see NFPA 101°, Life Safety Cod&. 


3-3.2* Structures should be classified as follows, as defined in 
NFPA 101, Life Safety Code: 


(1) General areas should be considered as special purpose 
industrial occupancies. 

(2) Open structures and underground structures (e.g., tun- 
nels) should be considered as occupancies in special 
structures. 

(3) General office structures should be considered as busi- 
ness occupancies. 

(4) Warehouses should be considered as storage occupancies. 

(5) Coal preparation and handling facilities (e.g., enclosed 
crusher houses, transfer houses, and conveyors) should 
be considered special purpose industrial occupancies. 

(6) Scrubber buildings should be considered as special pur- 
pose industrial occupancies. 


3-3.3 In the event of a plant fire, egress of occupants in con- 
trol facilities may be delayed due to emergency shutdown pro- 
cedures. Control facilities should have a means of egress that 
is separated from other plant areas to facilitate a delayed 
egress. 


3-4 Building Construction Materials. 


3-4.1 Construction materials being considered for electric 
generating plants and high voltage direct current converter 
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stations should be selected based on the fire risk evaluation 
and on consideration of the following NFPA standards: 


(1) NFPA 220, Standard on Types of Building Construction 

(2) NFPA 251, Standard Methods of Tests of Fire Endurance of 

Building Construction and Materials 

(3) NFPA 253, Standard Method of Test for Critical Radiant Flux 

of Floor Covering Systems Using a Radiant Heat Energy Source 

(4) NFPA 255, Standard Method of Test of Surface Burning Char- 

acteristics of Building Materials 

(5) NEPA 259, Standard Test Method for Potential Heat of Build- 
ing Materials 


3-4.2 Construction materials used in the boiler, engine, or 
turbine-generator buildings or other buildings critical to 
power generation or conversion should meet the definition of 
noncombustible or limited combustible, except roof cover- 
ings, which should be as outlined in 3-4.3, and except for lim- 
ited use of translucent reinforced plastic panels as allowed by 
the fire risk evaluation. 


3-4.3 Roof covering should be Class A in accordance with 
NFPA 256, Standard Methods of Fire Tests of Roof Coverings. Metal 
roof deck construction, where used, should be “Class I” or 
“fire classified.” 


3-4.4 Interior Finish. 


3-4.4.1 Cellular or foamed plastic materials (as defined in 
Appendix A of NFPA 101, Life Safety Code) should not be used 
as interior finish. 


34.4.2 Interior finish in buildings critical to power generation 
or conversion should be Class A. 


3-4.4.3 Interior finish in buildings not critical to power gener- 
ation or conversion should be Class A or Class B. 


3-5 Smoke and Heat Venting, Heating, Ventilating, and Air 
Conditioning. 


3-5.1 Smoke and Heat Venting. 


3-5.1.1 General. Smoke and heat vents are not substitutes for 
normal ventilation systems unless designed for dual usage, 
and should not be used to assist such systems for comfort ven- 
tilation. Smoke and heat vents should not be left open where 
they can sustain damage from high wind conditions. They 
should be included in surveillance programs to ensure avail- 
ability in emergency situations. 


3-5.1.2 Heat Vents. 


3-5.1.2.1 Heat vents should be provided for areas identified by 
the fire risk evaluation. Where heat vents are provided, heat 
generated under fire conditions should be vented from its 
place of origin directly to the outdoors. 


3-5.1.2.2 Heat vents in the boiler and turbine building may be 
permitted to be provided through the use of automatic heat 
vents or windows at the roof eave line. Heat venting in areas of 
high combustible loading can reduce damage to structural 
components. (See NFPA 204, Guide for Smoke and Heat Venting.) 


3-5.1.3 Smoke Vents. 


3-5.1.3.1 Smoke venting should be provided for areas identi- 
fied by the Fire Risk Evaluation. Where smoke venting is pro- 
vided, smoke should be vented from its place of origin in a 
manner that does not interfere with the operation of the 
plant. 
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3-5.1.3.2 Separate smoke ventilation systems are preferred; 
however, smoke venting can be integrated into normal venti- 
lation systems using automatic or manually positioned damp- 
ers and motor speed control. (See NFPA 90A, Standard for the 
Installation of Air-Conditioning and Ventilating Systems; NFPA 92A, 
Recommended Practice for Smoke-Control Systems; and NFPA 204, 
Guide for Smoke and Heat Venting.) Smoke venting also may be 
permitted to be accomplished through the use of portable 
smoke ejectors. 


3-5.1.3.3, Consideration should be given to smoke venting for 
the following areas: control room, cable spreading room(s), 
and switchgear room. 


3-5.1.3.4 In the areas with gaseous fire extinguishing systems, 
the smoke ventilation system should be properly interlocked 
to ensure the effective operation of the gaseous fire extin- 
guishing system. 


3-5.1.3.5 Smoke removal system dampers, where installed, 
normally are operable only from an area immediately outside 
of, or immediately within, the fire area served since it is 
desired to have entry into, and inspection of, the fire area by 
fire-fighting personnel prior to restoring mechanical ventila- 
tion to the fire area. Smoke removal system dampers may be 
permitted to be operable from the control room if provisions 
are made to prevent premature operation. This can be accom- 
plished using thermal interlocks or administrative controls. 


3-5.1.3.6 The fan power supply wiring and controls for smoke 
exhaust should be located external to the fire area served by the 
fan or be installed in accordance with the fire risk evaluation. 


3-5.2 Normal Heating, Ventilating, and Air Conditioning 
Systems. 


3-5.2.1 For normal heating, ventilating, and air conditioning 
systems, see NFPA 90A, Standard for the Installation of Air-Condi- 
tioning and Ventilating Systems, or NFPA 90B, Standard for the 
Installation of Warm Air Heating and Air-Conditioning Systems, as 
appropriate. 


3-5.2.2 Air conditioning for the control room should provide 
a pressurized environment to preclude the entry of smoke in 
the event of a fire outside the control room. 


3-5.2.3 Plastic ducts, including listed fire-retardant types, 
should not be used for ventilating systems. Listed plastic fire- 
retardant ducts with appropriate fire protection may be per- 
mitted to be used in areas with corrosive atmospheres. 


3-5.2.4 Fire dampers (doors) compatible with the rating of the 
barrier should be provided at the duct penetrations to the fire 
area (see Section 3-2) unless the duct is protected throughout its 
length by a fire barrier equal to the rating required of fire bar- 
rier(s) penetrated. 


3-5.2.5 Smoke dampers, where installed, should be installed 
in accordance with NFPA 90A, Standard for the Installation of 
Air-Conditioning and Ventilating Systems. 


3-5.2.6 The fresh air supply intakes to all areas should either 
be located so as to minimize the possibility of drawing prod- 
ucts of combustion into the plant, or be provided with auto- 
matic closure on detection of smoke. Separation from exhaust 
air outlets, smoke vents from other areas, and outdoor fire 
hazards should all be considered. 


3-6 Drainage. 


3-6.1 Provisions should be made in all fire areas of the plant 
for removal of all liquids directly to safe areas or for contain- 
ment in the fire area without flooding of equipment and with- 
out endangering other areas. (See Appendix A of NFPA 15, 
Standard for Water Spray Fixed Systems for Five Protection.) Drain- 
age and prevention of equipment flooding should be accom- 
plished by one or more of the following: 


(1) Floor drains 

(2) Floor trenches 

(3) Open doorways or other wall openings 

(4) Curbs for containing or directing drainage 
(5) Equipment pedestals 

(6) Pits, sumps, and sump pumps 


3-6.2* The provisions for drainage and any associated drainage 
facilities should be sized to accommodate all of the following: 


(1) The spill of the largest single container of any flammable 
or combustible liquids in the area 

(2) The maximum expected number of fire hose lines [500 
gpm (1890 L/min) minimum] operating for a minimum 
of 10 minutes 

(3) The maximum design discharge of fixed fire suppression 
systems operating for a minimum of 10 minutes 


3-6.3. The drainage system for continuous fuel oil-fired boilers 
should consist of curbs and gutters arranged to confine the 
area of potential fuel oil discharge. Consideration also should 
be given to providing the same measures for coal-fired boilers 
using oil for ignition. Walking surfaces in the vicinity of burn- 
ers should be made impervious to oil leakage by the use of 
checkered steel plate, sheet metal drip pans, or other means. 
Curbs in passageways should have ramps or steps or be other- 
wise constructed to present no obstacle to foot traffic. Gutter 
outlet pipes and all other drains should be trapped to prevent 
the passage of flames and permit the flow of oil. A clearance 
between the boiler front and the walk structure is required for 
the differential movement where the heated boiler elongates. 
This clearance space in the vicinity of the burners should be 
flashed and counter-flashed with sheet metal or otherwise 
arranged to allow movement and to redirect dripping oil, 
which may impinge on the boiler face. 


3-6.4 Floor drainage from areas containing flammable or 
combustible liquids should be trapped to prevent the spread 
of burning liquids beyond the fire area. 


3-6.5 Where gaseous fire suppression systems are installed, 
floor drains should be provided with adequate seals or the fire 
suppression system should be sized to compensate for the loss 
of fire suppression agent through the drains. 


3-6.6 Drainage facilities should be provided for outdoor oil- 
insulated transformers, or the ground should be sloped such 
that oil spills will flow away from buildings, structures, and 
adjacent transformers. Unless drainage from oil spills is 
accommodated by sloping the ground around transformers 
away from structures or adjacent equipment, consideration 
should be given to providing curbed areas or pits around 
transformers. The pit or drain system or both should be sized 
in accordance with 3-6.2. If a layer of uniformly graded stone 
is provided in the bottom of the curbed area or pit as a means 
of minimizing ground fires, the following should be 
addressed: 


(1) Sizing of the pit should allow for the volume of the stone. 
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(2) The design should address the possible accumulation of 
sediment or fines in the stone. 


3-6.7 For facilities consisting of more than one generating 
unit that are not separated by a fire barrier [see 3-2.1.3(15)], 
provisions such as a sloped floor, curb, or trench drain should 
be provided on solid floors where the potential exists for an oil 
spill, such that oil released from an incident in one unit will 
not expose an adjacent unit. 


3-6.8 For environmental reasons, liquid discharges resulting 
from oil spills or operation of a fire suppression system may 
have to be treated (e.g., oil separation). 


3-7 Emergency Lighting. 


3-7.1 Emergency lighting should be provided for means of 
egress. (See NFPA 101, Life Safety Code.) 


3-7.2. Emergency lighting should be provided for critical plant 
operations areas. 


3-8 Lightning Protection. Lightning protection should be 
provided for those structures having a risk index (R) of four 
or greater when evaluated in accordance with NFPA 780, Stan- 
dard for the Installation of Lightning Protection Systems. 


Chapter 4 General Fire Protection Systems and 
Equipment 


4-1 General. All fire protection systems, equipment, and 
installations should be dedicated to fire protection purposes. 


4-2 Water Supply. 


4-2.1 The water supply for the permanent fire protection 
installation should be based on providing a 2-hour supply for 
both items (1) and (2) as follows: 


(1) Either of items a or b below, whichever is larger: 


a. The largest fixed fire suppression system demand 

b. Any fixed fire suppression system demands that could 
reasonably be expected to operate simultaneously 
during a single event [e.g., turbine under floor protec- 
tion in conjunction with other fire protection sys- 
tem(s) in the turbine area; coal conveyor protection 
in conjunction with protection for related coal han- 
dling structures during a conveyor fire; adjacent trans- 
formers not adequately separated according to 3-2.4] 

(2) The hose stream demand of not less than 500 gpm (1890 
L/min). 


4-2.2 Where an adequate and reliable water supply, such as a 
lake, cooling pond, river, or municipal water system, is unavail- 
able, at least two separate water supplies should be provided 
for fire protection purposes with each supply capable of meet- 
ing the fire water flow requirements determined by 4-2.1. 


4-2.3 Each water supply should be connected to the yard 
main by separate connections arranged and valve controlled 
to minimize the possibility of multiple supplies being 
impaired simultaneously. 


4-2.4 In some rivers and tributaries the existence of microor- 
ganisms limits the use of raw water for fire protection without 
treatment. Consideration of water quality may prevent long- 
term problems relating to fire protection water supply. Dem- 
ineralized water and ash water should not be considered for 
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use as a fire protection water source due to excessive corrosion 
and erosion characteristics. 


4-2.5 Fire Pumps. 


4-2.5.1 Where multiple fire pumps are required, the pumps 
should not be subject to a common failure, electrical or 
mechanical, and should be of sufficient capacity to meet the 
fire flow requirements determined by 4-2.1 with the largest 
pump out of service. 


4-2.5.2 Fire pumps should be automatic starting with manual 
shutdown. The manual shutdown should be at the pump con- 
trollers only. (See NFPA 20, Standard for the Installation of Station- 
ary Pumps for Fire Protection. ) 


4-2.6 Water Supply Tanks. 


4-2.6.1 If tanks are of dual-purpose use, a standpipe or similar 
arrangement should be provided to dedicate the amount 
determined by 4-2.1 for fire protection use only. (See NFPA 22, 
Standard for Water Tanks for Private Fire Protection.) 


4-2.6.2 Where tanks are used, they should be filled from a 
source capable of replenishing the two-hour supply for the fire 
protection requirement in an eight-hour period. The eight- 
hour (time) requirement for refilling may be permitted to be 
extended if the initial supply exceeds the minimum storage 
requirement on a volume per time ratio basis. It normally is 
preferred for the refilling operation to be accomplished on an 
automatic basis. 


4-3 Valve Supervision. All fire protection water supply and 
system control valves should be under a periodic inspection 
program (see Chapter 2) and should be supervised by one of the 
following methods: 


(1) Electrical supervision with audible and visual signals in 
the main control room or another constantly attended 
location. 

(2) Locking valves open. Keys should be made available only 
to authorized personnel. 

(3) Sealing valves open. This option should be followed 
only where valves are within fenced enclosures under 
the control of the property owners. 


4-4 Yard Mains, Hydrants, and Building Standpipes. 
4-4.1 Yard Mains and Hydrants. 


44.1.1 Yard mains and outdoor fire hydrants should be 
installed on the plant site. (See NFPA 24, Standard for the Instal- 
lation of Private Fire Service Mains and Their Appurtenances.) 
Hydrant spacing in main plant areas should be a maximum of 
300 ft. Hydrant spacing in remote areas such as long-term coal 
storage should be a maximum of 500 ft. 


4-4.1.2 Remotely located plant-related facilities should be 
reviewed on an individual basis to determine the need for fire 
protection. If excessively long extensions of underground fire 
mains are necessary for fire protection at these locations, it 
may be permitted to supply this need from an available service 
main in the immediate area. Where common supply piping is 
provided for service water and fire protection water supply, it 
should be sized to accommodate both service water and fire 
protection demands. 


4-4.1.3 The supply mains should be looped around the main 
power block and should be of sufficient size to supply the flow 
requirements determined by 4-2.1 to any point in the yard 
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loop considering the most direct path to be out of service. 
Pipe sizes should be designed to encompass any anticipated 
expansion and future water demands. 


4-4.1.4 Indicator control valves should be installed to provide 
adequate sectional control of the fire main loop to minimize 
plant protection impairments. 


4-4.1.5 Each hydrant should be equipped with a separate 
shutoff valve located on the branch connection to the supply 
main. 


4-4.1.6 Interior fire protection loops are considered an exten- 
sion of the yard main and should be provided with at least two 
valved connections to the yard main with appropriate sec- 
tional control valves on the interior loop. 


4-4.2 Standpipe and Hose Systems. 


4-4.2.1 Standpipe and hose systems should be installed. (See 
NFPA 14, Standard for the Installation of Standpipe, Private 
FAlydrants, and Hose Systems.) The standpipe and hose system is 
an extension of the yard fire main and hydrant system. The 
hose stations should be capable of delivering the hose stream 
demand for the various hazards in buildings. 


4-4.2.2 Fire main connections for standpipes should be 
arranged so that a fire main break can be isolated without 
interrupting service simultaneously to both fixed protection 
and hose connections protecting the same hazard or area. 
Choice of Class I, Class II, or Class III systems should be made 
by a fire risk evaluation. (See NFPA 14, Standard for the Installa- 
tion of Standpipe, Private Hydrants, and Hose Systems.) 


4-4.2.3 The standpipe piping should be capable of providing 
minimum volume and pressure for the highest hose stations. 


4-4.2.4 Due to the open arrangement of these plants, the loca- 
tions of hose stations should take into account safe egress for 
personnel operating hose lines. 


4-4.3 Hose Nozzles. Spray nozzles having shutoff capability 
and listed for use on electrical equipment should be provided 
on hoses located in areas near energized electrical equipment. 


4-4.4 Hose Threads. Hose threads on hydrants and stand- 
pipe systems should be compatible with fire hose used by the 
responding fire departments. 


4-5 Portable Fire Extinguishers. Portable fire extinguishers 
should be provided. (See NFPA 10, Standard for Portable Five 
Extinguishers. ) 


4-6 Fire Suppression Systems and Equipment — General 
Requirements. 


4-6.1 Fire suppression systems and equipment should be pro- 
vided in all areas of the plant as identified in Chapters 5, 6, 7, 
and 8 or as determined by the fire risk evaluation. Fixed sup- 
pression systems should be designed in accordance with the 
following codes and standards unless specifically noted other- 
wise: 


NFPA 11, Standard for Low-Expansion Foam 


NFPA 11A, Standard for Medium- and High-Expansion Foam 
Systems 


NFPA 12, Standard on Carbon Dioxide Extinguishing Systems 
NFPA 12A, Standard on Halon 1301 Five Extinguishing Systems 
NFPA 13, Standard for the Installation of Sprinkler Systems 


NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec- 
tion 

NFPA 16, Standard for the Installation of Foam-Water Sprinkler 
and Foam-Water Spray Systems 

NFPA 17, Standard for Dry Chemical Extinguishing Systems 


NFPA 230, Standard for the Fire Protection of Storage 


4-6.2 The selection of an extinguishing agent or a combina- 
tion of extinguishing agents should be based on: 


(1) The type of hazard; 
(2) The effect of agent discharge on equipment; 
(3) The health hazards. 


4-6.3 Fire Suppression System Safety Considerations. 


4-6.3.1 It is imperative that safety in the use of any fire suppres- 
sion system be given proper consideration and that adequate 
planning be done to ensure safety of personnel. 


4-6.3.2 Potential safety hazards could include impingement 
of high velocity discharge on personnel, loss of visibility, hear- 
ing impairment, reduced oxygen levels that will not support 
breathing, toxic effects of the extinguishing agent, breakdown 
products of the extinguishing agent, and electric conductivity 
of water-based agents. 


4-6.3.3 When working in areas (e.g., combustion turbine 
compartments) where actuation of the fire protection system 
could effect personnel safety, the fire extinguishing system 
should be locked out to prevent discharge of the system. A 
trouble indication should be provided when the system is 
locked out. 


4-6.3.4 NFPA standards for the extinguishing systems used 
should be carefully studied and the personnel safety provisions 
followed. Evacuation of a protected area is recommended 
before any special extinguishing system discharges. Alarm sys- 
tems that are audible above machinery background noise, or 
that are visual or olfactory or a combination, should be used 
where appropriate. Personnel warning signs are necessary. 


4-7 Fire-Signaling Systems. 


4-7.1 The type of protective signaling system for each installa- 
tion and area should be determined by the fire risk evaluation 
in consideration of hazards, arrangement, and fire suppression 
systems. Fire detection and automatic fixed fire suppression sys- 
tems should be equipped with local audible and visual signals 
with annunciation in a constantly attended location, such as the 
main control room. Audible fire alarms should be distinctive 
from other plant system alarms. See NFPA 72, National Fire 
Alarm Code. 


4-7.2 Automatic fire detectors should be installed in accor- 
dance with NFPA 72, National Fire Alarm Code. 


4-7.3 The fire-signaling system or plant communication system 
should provide the following: 


(a) Manual fire alarm devices (e.g., pull boxes or page 
party stations) installed in all occupied buildings. Manual fire 
alarm devices should be installed for remote yard hazards as 
identified by the fire risk evaluation. 

(b) Plant-wide audible fire alarm or voice communication 
systems, or both, for purposes of personnel evacuation and 
alerting of plant emergency organization. The plant public 
address system, if provided, should be available on a priority 
basis. 
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(c) Two-way communications for the plant emergency 
organization during emergency operations. 
(d) Means to notify the public fire department. 


Chapter 5 Identification of and Protection against 
Hazards 


5-1 General. The identification and selection of fire protec- 
tion systems should be based on the fire risk evaluation. This 
chapter identifies fire and explosion hazards in fossil fueled 
electric generating stations and specifies the recommended 
protection criteria unless the fire risk evaluation indicates 
otherwise. 


5-2 Fuel Handling — Gas. 


5-2.1 The storage and associated piping systems for gases in 
the gaseous or liquefied states should comply with NFPA 54, 
National Fuel Gas Code; NFPA 58, Liquefied Petroleum Gas Code; 
and ANSI B31.1, Code for Power Piping. 


5-2.2 The plant’s main and ignitor natural gas shut-off valve 
should be located near an exterior wall. The valve should be 
provided with both manual and automatic closing capabilities 
locally, and remote closing capability from the control room. 
The valve should be arranged to fail closed on the loss of 
power or pneumatic control. 


5-2.3 Electrical equipment in areas with potentially hazardous 
atmospheres should be designed and installed in compliance 
with Articles 500 and 501 of NFPA 70, National Electrical Code, 
and ANSI C2, National Electrical Safety Code. 


5-3 Fuel Handling — Oil. 


5-3.1 Fuel oil storage, pumping facilities, and associated pip- 
ing should comply with NFPA 30, Flammable and Combustible 
Liquids Code; NFPA 31, Standard for the Installation of Oil-Burning 
Equipment; and ANSI B31.1, Code for Power Piping. 


5-3.2 Internal tank heaters needed to maintain oil pumpabil- 
ity should be equipped with temperature sensing devices that 
alarm in a constantly attended area prior to the overheating of 
the oil. 


5-3.3. External tank heaters should be interlocked with a flow 
switch to shut off the heater if oil flow is interrupted. 


5-3.4 Tank filling operations should be monitored to prevent 
overfilling. 


5-3.5 While oil unloading operations are in progress, the 
unloading area should be manned by personnel properly 
trained in the operation of pumping equipment, valving, and 
fire safety. 


5-3.6 Pump installations should not be located within tank 
dikes. 


5-3.7 Electrical equipment in areas with potentially hazardous 
atmospheres should be designed and installed in compliance 
with NFPA 30, Flammable and Combustible Liquids Code; Articles 
500 and 501 of NFPA 70, National Electrical Code; and ANSI C2, 
National Electrical Safety Code. 


5-3.8 To prevent hazardous accumulations of flammable 
vapors, ventilation for indoor pumping facilities for flammable 
liquids or combustible liquids at or above their flash point 
should provide at least 1 ft? of exhaust air per ft? of floor area 
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(0.30 m3/m?), but not less than 150 ft?/min (0.071 m*/sec). 
Ventilation should be accomplished by mechanical or natural 
exhaust ventilation arranged in such a manner to include all 
floor areas or pits where flammable vapors can collect. Exhaust 
ventilation discharge should be to a safe location outside the 
building. 


5-3.9 Fire Protection. 


5-3.9.1 Indoor fuel oil pumping or heating facilities or both 
should be protected with automatic sprinklers, water spray, 
foam-water sprinklers, or gaseous total flooding system(s). 
Local application dry chemical systems may be permitted to be 
used in areas that normally do not have re-ignition sources, 
such as steam lines or hot boiler surfaces. 


5-3.9.2 The provisions of foam systems for tank protection 
should be considered in the fire risk evaluation. The fire risk 
evaluation should regard exposure to other storage tanks and 
important structures, product value, and resupply capability, 
as well as the anticipated response and capabilities of the local 
fire brigade. 


5-3.9.3 Fuel oil handling and storage areas should be pro- 
vided with hydrant protection in accordance with Section 4-4. 


5-4 Fuel Handling — Coal. 
5-4.1 Storage. 


5-4.1.1 Coal storage piles are subject to fires caused by spon- 
taneous heating of the coal. The coals most susceptible to 
self-heating are those with high pyritic content and high 
intrinsic moisture and oxygen content, such as low-rank 
coals. The mixing of high pyritic coals with high moisture 
and oxygen coals increases self-heating. 


5-4.1.2 There are measures that can be taken to lessen the 
likelihood of coal pile fires. These measures are dependent on 
the type and rank of coal. Among the more important are the 
following: 


(1) Short duration, active, or “live” storage piles should be 
worked to prevent dead pockets of coal, a potential 
source of spontaneous heating. 

(2) Coal piles should not be located above sources of heat, 
such as steam lines, or sources of air, such as manholes. 

(3) Coal placed in long-term storage should be piled in layers, 
appropriately spread, and compacted prior to the addition 
of subsequent layers to reduce air movement and to mini- 
mize water infiltration into the pile. 

(4) Different types of coal that are not chemically compatible 
should not be stored in long-term storage piles. 

(5) Access to coal storage piles should be provided for fire 
fighting operations and for pulling out hot pockets of 
coal. 


5-4.2 Bins, Bunkers, and Silos. The recommendations of this 
section should be considered to reduce the probability of serious 
fire. (See NFPA 8503, Standard for Pulverized Fuel Systems.) 


5-4.2.1* Storage structures should be of noncombustible con- 
struction and designed to minimize corners or pockets that 
cause coal to remain trapped and present a potential for spon- 
taneous combustion. 


5-4.2.2* During planned outages, coal bins, bunkers, or silos 
should be emptied to the extent practical. 


5-4.2.3* The period of shutdown requiring emptying of the 
bins depends on the spontaneous heating characteristics of 
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the coal. However, spontaneous heating can be slowed by min- 
imizing air flow through the bins by such means as inerting or 
filling the bins with high-expansion foam. 


5-4.2.4 During idle periods, flammable gas monitors can be 
installed at the top of the silo to monitor methane gas and car- 
bon monoxide concentrations. Flammable gas monitors 
should be arranged to alert plant operators if methane con- 
centrations are detected or carbon monoxide concentration 
exceeds 1.25 percent concentration by volume. Heat detectors 
can also be inserted to detect temperature increase due to 
spontaneous combustion. 


5-4.2.5 Once spontaneous heating develops to the fire stage, 
it becomes very difficult to extinguish the fire short of empty- 
ing the bin, bunker, or silo. Therefore, provisions for empty- 
ing the bunker should be provided. This might take the form 
of conveyors discharging to a stacking out pile. Another 
method would use flanged openings for removing the coal if 
adequate planning and necessary equipment have been pro- 
vided. Removing hot or burning coal can lead to a dust explo- 
sion if a dust cloud develops. Therefore, means should be 
provided to prevent a dust cloud, such as covering the coal 
with a blanket of high-expansion foam. 


5-4.2.6* If fire occurs in a silo it is necessary to initiate manual 
actions for suppression and extinguishment. The following 
fire fighting strategies have been successfully employed 
(depending on the specific circumstances and type of coal 
used): 


(1) Use of Class A foams and penetrants 

(2) Injection of inert gas (i.e., carbon dioxide or nitrogen) 

(3) Emptying the silo through the feeder pipe to a safe loca- 
tion (inside or outside the powerhouse) and trucking 
away the debris 


CAUTION 


(a) Water has been successfully used to control bunker 
and silo fires. However, the possibility of an explosion exists 
under certain circumstances if the water reaches the coal in a 
hot spot. Therefore, water is not a recommended fire fighting 
strategy for these types of fire events. The amount of water 
delivered to a silo in a stream can create structural support 
problems. 

(b) Steam-smothering has also been used to control bun- 
ker and silo fires on marine vessels. All openings need to be 
sealed prior to the introduction of steam. This is rarely possi- 
ble at electric generating plants due to the relatively porous 
nature of the equipment. 

The use of steam introduces high temperature and mois- 
ture that could increase the possibility of spontaneous com- 
bustion; therefore, this strategy is not recommended. 

(c) Locating silo hot spots and extinguishing them before 
the coal leaves the silo is an accepted practice. The coal hot 
spots are detected and extinguished. If, as the coal drops down 
through the silo, additional hot spots are detected, coal flow 
should be stopped and the hot spots extinguished. If the hot 
spots are exposed during the lowering of the coal, potential 
for dust explosions is increased. 


5-4.2.7 Care should be taken where working in enclosed areas 
near coal bins, bunkers, or silos in confined areas since spon- 
taneous heating of coal can generate gases that are both toxic 
and explosive. Fixed or portable carbon monoxide monitor- 


ing should be provided to detect spontaneous heating and 
hazardous conditions. 


5-4.2.8 Dusttight barriers should be provided between the 
boiler house and the areas of the coal handling system above 
the bin, bunker, or silo. 


5-4.3* Dust Suppression and Control. 


5-4.3.1 Coal dust generated due to coal handling constitutes 
a fire and explosion hazard that should be controlled by one 
or more of the following methods: 


(1) A dust collection system 
(2) A dust suppression system 
(3) An open-air construction 


5-4.3.2* Where dust collection or suppression systems are 
installed to prevent hazardous dust concentration, appropriate 
electrical and mechanical interlocks should be provided to pre- 
vent the operation of coal handling systems prior to the starting 
and sustained operation of the dust control equipment. 


5-4.3.3 Dust suppression systems usually consist of spray sys- 
tems using water or surfactants, or both, to reduce the dust 
generation of coal handling operations. The sprays are nor- 
mally applied at or near those locations where the coal is trans- 
ferred from one conveyor to another. 


5-4.3.4 For dust collection systems provided for handling 
combustible dusts, see NFPA 91, Standard for Exhaust Systems for 
Air Conveying of Vapors, Gases, Mists, and Noncombustible Particu- 
late Solids. Other recommendations for reducing the probabil- 
ity of explosion and fire from coal dust are as follows: 


(1) Fans for dust collectors should be installed downstream 
of the collectors so that they handle only clean air. 

(2) For dust collectors vented to the outside, see NFPA 68, 
Guide for Venting of Deflagrations. Explosion suppression 
systems may be permitted to be provided for dust collec- 
tion systems that cannot be safely vented to the outside. 
(See NFPA 69, Standard on Explosion Prevention Systems.) 

(3) Dust collection hoppers should be emptied prior to shut- 
ting down dust removal systems to reduce the likelihood 
of collector fires originating from spontaneous heating 
in the dust hopper. 

(4) High level detection with an annunciator alarm should 
be provided for the dust hoppers. 


5-4.3.5 Cleaning methods such as vigorous sweeping of dust 
or blowing down with steam or compressed air should not be 
used since these methods can produce an explosive atmo- 
sphere. Preferred cleaning methods would use appropriate 
portable or fixed pipe vacuum cleaners of a type approved for 
dust hazardous locations or low velocity water spray nozzles 
and hose. 


5-4.4 Coal Conveyors. 


5-4.4.1 Coal conveyor belts should be of material designed to 
resist ignition. U.S. Mine Safety and Health Administration 
and Canadian Bureau of Mines Standards for fire retardant 
conveyor belt materials should be used as a guide. However, 
“fire retardant” belt materials will burn and therefore may 
require additional fire protection. 


5-4.4.2_ Each conveyor system should be arranged to automat- 
ically shut off driving power in the event of belt slowdown of 
greater than 20 percent or misalignment of belts. In addition, 
a complete belt interlock shutdown system should be provided 
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so that, ifany conveyor stops, the power to all conveyor systems 
feeding that belt would be shut down automatically. 


5-4.4.3 Hydraulic systems should use only listed fire retardant 
hydraulic fluids. Where unlisted hydraulic fluids must be used, 
consideration should be given to protection by a fire suppres- 
sion system. 


5-4.4.4 Foreign materials pose a threat to crushers, pulveriz- 
ers, and feeders by interrupting the flow of coal or by causing 
sparks capable of igniting coal dust/air mixtures. Methods of 
removing tramp metals and other foreign materials include 
magnetic separators, pneumatic separators, and screens. 
Means for removing such foreign material should be provided 
as early in the coal handling process as possible. 


5-4.4.5 Prior to extended idle periods, the conveyor system 
should be cleared of coal. 


5-4.5 Coal Conveying and Handling Structures. 


5-4.5.1 Coal conveying and handling structures and supports 
should be of noncombustible construction. 


5-4.5.2 The accumulation of coal dust in enclosed buildings 
can be reduced by designing structural members such that 
their shape or method of installation minimizes the surface 
area where dust can settle. Consideration should be given to 
installing structural members exterior to the enclosure. Access 
should be provided to facilitate cleaning of all areas. 


5-4.5.3 For explosion venting for enclosed structures, see 
NFPA 68, Guide for Venting of Deflagrations. 


5-4.5.4 Provisions should be made for deenergizing both 
lighting and electrical power circuits without requiring per- 
sonnel to enter dust-producing sections of the plant during 
emergencies. 


5-4.5.5 Areas of the coal handling system requiring heat 
should use approved heaters suitable for hazardous areas. The 
heating equipment should be kept free of dusts and should be 
designed to limit surface temperature to 329°F (165°C). 


5-4.5.6 Electrical equipment within coal handling areas 
should be approved for use in hazardous locations Class II, 
Division 1 or Division 2, Group F. Electrical equipment subject 
to accumulations of methane gas or carbon monoxide should 
also be listed and installed, as appropriate, for use in hazard- 
ous locations Class I, Division 2, Group D. (See Articles 500 and 
501 of NFPA 70, National Electrical Code, and Section 127 of ANSI 
C2, National Electrical Safety Code. ) 


5-4.5.7 Static electricity hazards should be minimized by the 
permanent bonding and grounding of all equipment, includ- 
ing duct work, conveyor drive belts, pulleys, idlers, take-up 
reels, motor drives, dust collection equipment, and vacuum 
cleaning equipment. (See NFPA 77, Recommended Practice on 
Static Electricity.) 


5-4.6 Fire Protection. 


5-4.6.1 Automatic sprinkler or water spray systems should be 
provided for coal handling structures that are critical to power 
generation and subject to accumulations of coal or coal dust. 
Sprinkler systems should be designed for a minimum of 0.25 
gpm/ft? (10.2 mm/min) density over a 2500 ft? (232 m?) area. 
If water spray systems are used to protect structures, the same 
densities should be used. 
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5-4.6.2 Automatic water spray or sprinkler systems should be 
provided for enclosed coal conveyors that are critical to con- 
tinuous power generation. Sprinklers should be designed for 
aminimum of 0.25 gpm/ft? (10.2 mm/min) density over 2000 
ft? (186 m?) of enclosed area or the most remote 100 linear ft 
(30 m) of conveyor structure up to 2000 ft? (186 m?). For 
water spray design criteria, see NFPA 15, Standard for Water 
Spray Fixed Systems for Fire Protection. 


5-4.6.2.1 Ifa sprinkler system is used to protect the coal con- 
veyor, particular care should be exercised in locating closed 
sprinkler heads so that they will be in the path of the heat 
produced by the fire and still be in a position to provide good 
coverage of all belt surfaces along the conveyor. 


5-4.6.2.2 Conveyors that are below grade or enclosed are 
extremely hazardous to maintenance or fire fighting personnel 
in the event of a fire. Automatic water spray or sprinkler systems 
should be provided for these conveyors even though they may 
not be critical to plant operations. 


5-4.6.2.3 Actuation of water spray or sprinkler systems should 
shut down the conveyor belt involved and all conveyor belts 
feeding the involved belt. 


5-4.6.2.4 The sprinkler or water system control valve should 
be located in an area or enclosure separate from the hazard. 


5-4.6.2.5 Dust collectors and fans should automatically shut 
down along with other related equipment upon detection of 
fire. 


5-4.6.2.6 Draft barriers installed at the end and mid-points of 
enclosed conveyors should be considered in the fire risk eval- 
uation. Draft barriers will reduce the response time of 
installed automatic sprinkler or detection systems and mini- 
mize the chimney effects in the event of fire. 


5-4.6.3 Stacker-reclaimer and barge/ship unloader conveyors 
present unique fire protection concerns. Protection of the 
equipment and safety of the personnel is made more difficult 
due to the movement-in-place capabilities of the equipment 
and its mobility and movement along a fixed rail system. Pro- 
vision of hydrants in the area may not be sufficient protection 
primarily due to the extreme delay in response in the event of 
fire emergency and the difficulty in reaching all areas involved 
in a fire with hand-held hose equipment. 


5-4.6.4 Consideration should be given to the installation of an 
automatic water spray or sprinkler system over the conveyor 
belt and striker plate areas within the stacker-reclaimer. The 
water supply could be from a 3000 gal to 5000 gal (11,355 L to 
18,925 L) capacity pressure tank located on-board. A fire 
department pumper connection should be provided so con- 
nection can be made to the fire hydrants in the area during 
down or repair periods to provide a more adequate water sup- 
ply. Consideration should be given to protecting enclosed 
electrical control cabinets by a preengineered fixed automatic 
gaseous-type suppression system activated by a fixed tempera- 
ture detection system. 


5-4.6.5 Bag-type coal dust collectors that are located inside 
buildings or structures should be protected with automatic 
sprinkler or water spray systems inside of the collectors. 


5-4.6.5.1 Sprinklers for bag-type dust collectors should be 
designed for ordinary hazard systems. Sprinkler and water spray 
systems should be designed for a density of 0.20 gpm (8.1 mm/ 
min) over the projected plan area of the dust collector. 
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5-4.6.5.2 Protection inside dust collectors should include the 
clean air plenum and the bag section. If the hopper is shielded 
from water discharge, sprinklers also should be provided in 
the hopper section. 


5-4.6.5.3 Consideration should be given to providing auto- 
matic sprinkler systems for bag-type dust collectors located 
outdoors that do the following: 


(1) Are in continuous operation; 

(2) Process large amounts of coal dust; 

(3) Have limited access for manual fire fighting. An example 
of limited access would be collectors that have catwalks 
for access. 


5-5 Steam Generator. For boiler-furnaces, see NFPA 8501, 
Standard for Single Burner Boiler Operation, and NFPA 8502, Stan- 
dard for the Prevention of Furnace Explosions/Implosions in Multiple 
Burner Boilers. 


5-5.1 Fire Protection. 


5-5.1.1 Boiler-furnaces with multiple oil-fired burners or 
using oil for ignition should be protected with automatic 
sprinkler, water spray, foam, or foam-water sprinkler systems 
covering the burner front oil hazard. 


5-5.1.2 Boiler front fire protection systems should be 
designed to cover the fuel oil burners and ignitors, adjacent 
fuel oil piping and cable, a 20 ft (6.1 m) distance from the 
burner and ignitor including structural members and walk- 
ways at these levels. Additional coverage should include areas 
where oil may collect. Sprinkler and water spray systems 
should be designed for a density of 0.25 gpm/ft? (10.2 mm/ 


min) over the protected area. 


5-5.2 Pulverizers. 


5-5.2.1 For pulverized fuel systems, see NFPA 8503, Standard 
for Pulverized Fuel Systems. 


5-5.2.2 Carbon monoxide gas detection systems should be 
considered for pulverizers as an early warning for conditions 
leading to fires and explosions. 


5-5.3 Boiler Feed Pumps. 


5-5.3.1 Coverage of steam-driven boiler feed pumps should 
include oil lubrication lines, bearings, and oil reservoirs. Acci- 
dental water discharge on bearing points and hot turbine 
parts should be considered. If necessary, these areas may be 
permitted to be protected by shields and casing insulation 
with metal covers. Boiler feed pumps that are electric motor- 
driven, with lubricating or hydraulic oil hazards, may require 
protection depending on the quantity of oil, oil pressure, or 
exposure to other equipment. 


5-5.3.2 Hydraulic and lubricating oil hazards associated with 
boiler feed pumps that are driven with steam turbines should 
be protected in accordance with 5-7.4.1. The use of a listed 
fire-resistant lubricant and hydraulic fluid can eliminate the 
need for fire protection systems. 


5-5.3.3, Curbing or drainage or both should be provided for the 
steam-driven boiler feed pump oil reservoirs in accordance with 
Section 3-6. 


5-6 Flue Gas. 


5-6.1 Forced Draft, Induced Draft, and Flue Gas 
Recirculation Fans. 


5-6.1.1 Coverage of steam-driven fans should include oil lubri- 
cation lines, bearings, and oil reservoirs. Accidental water dis- 
charge on bearings points and hot turbine parts should be 
considered. If necessary, these areas may be permitted to be 
protected by shields and casing insulation with metal covers. 
Water spray systems for steam turbine-driven forced draft and 
induced draft fans should be designed for a density of 0.25 
gpm/ft? (10.2 mm/min) over the oil containment equipment 
surface. Water spray systems should be designed for 0.25 
gpm/ft* (10.2 mm/min) for a minimum 20 ft (6.1 m) from 
the hazard. Combustible oil hazards associated with forced 
and induced draft fans driven with steam turbines should be 
protected with automatic sprinkler, water spray, or foam-water 
sprinkler systems. 


5-6.1.2 Forced draft fans, induced draft fans, and flue gas 
recirculation fans should use a listed fire-resistant fluid for 
hydraulic drives. Where nonapproved hydraulic fluids are 
used, protection should be provided as described in 5-6.1.1. 


5-6.2 Regenerative Air Heaters. 


5-6.2.1 Fires have occurred in air heaters after the accumula- 
tion of appreciable quantities of unburned combustibles on 
plate surfaces resulting from incomplete combustion of fuel in 
the boiler. Incomplete combustion is most likely to occur dur- 
ing startup. Incomplete combustion also can occur during 
load changes, periods of low firing rate, or normal operation 
due to unstable or over-rich firing. 


5-6.2.2 Fire-loss experience does not presently indicate the 
need for special protection for other than regenerative-type 
air heaters. Regenerative-type air heater fires have occurred 
when firing on all types of fuel. Fires have occurred most fre- 
quently when firing oil or shortly after changing to pulverized 
coal from oil. 


5-6.2.3* Temperature sensors should be provided in the 
inlet and outlet ducts for both flue gas and air. An alarm 
should be provided in the control room to alarm when air or 
flue gas temperatures exceed 50°F (28°C) above normal 
operating temperature. Temperature sensors alone may not 
be adequate to provide early warning of a fire in an air 
heater. In large air heaters, air flow rates are high enough so 
that a fire will be well developed before the temperature 
increases enough to alarm and warn the operator. The 
length of time the operator has to take action is greatly 
reduced, and severe damage can occur. The installation of a 
special detection system may allow operators time to quickly 
detect a fire, isolate the air heater, open drains, and activate 
the water spray system. 


5-6.2.4 A minimum of one observation port should be pro- 
vided in the inlet and/or outlet ducts for both flue gas and air. 
Large air heaters may require more than one observation 
port. Observation ports should be placed such that they are 
accessible for viewing the rotor or stator surface. 


5-6.2.5 A manual water spray system should be provided to 
protect the rotor or stator. The water spray system should be 
capable of being activated from the control room or from the 
air heater area or both. When the rotor or stator is horizontal, 
water spray applied to the upper surface can be expected to 
flow by gravity down over plate surfaces. A minimum of 0.60 
gpm/ft? (24.4 mm/min) density is recommended. Where the 
rotor or stator is vertical, water spray should be applied to both 
sides to obtain adequate penetration. A minimum of 0.30 
gpm/ft? (12.2 mm/min) density is recommended on both 
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sides. Water wash systems may not be adequate to give full cov- 
erage because of rotor drive failure. 


5-6.2.6 Access hatches for the use of hose streams should be 
provided. Hatches should be designed for quick access. A min- 
imum of one hatch should be provided per 10 ft (3.0 m) of 
rotor or stator diameter. For horizontal shaft air heaters, 
access should be provided on both sides of the rotor or stator. 
For vertical shaft units, access hatches should be provided 
above the rotor or stator with one hatch below for units under 
20 ft (6.1 m) diameter and two hatches below for units 20 ft 
(6.1 m) or more in diameter. 


5-6.2.7 Drainage should be provided to remove suppression 
water to a safe area. Drains from air heaters, ducts, or both 
should be accessible or controlled by remotely operated 
valves. 


5-6.2.8 A zero speed switch with alarm in the control room 
should be provided on the rotor shaft or on the output shaft 
from the fluid coupling or gear reducer. A zero speed alarm 
warns of stoppage of the rotor or air hoods. This could be due 
to failure of the drive motor or coupling that will lead to over- 
heating of a section of the rotor or stator, which may result in 
a fire. Stoppage also may be caused by high temperatures gen- 
erated by a fire that has caused the rotor to bind against the 
housing or the air hoods to bind against the stator. 


5-6.3 Flue Gas Bag-Type Dust Collectors. 


5-6.3.1 Flue gas bag-type dust collectors (also known as fabric 
filters) can be damaged by overheating or fire. Filter media 
can be damaged by flue gases entering at a temperature above 
the operating temperature of the filter media. Fires have been 
caused by incomplete combustion in the boiler resulting in 
carryover of burning particulate igniting the filter media and 
by maintenance operations such as cutting and welding. 


5-6.3.2 Collectors equipped with bags that have an operating 
temperature limit exceeding 400°F (204°C) should be subdi- 
vided into compartments by noncombustible partitions. The 
partitions should extend through the flue gas bag area. The 
filter bag area provided in each compartment should be such 
that the fabric filter systems will not limit boiler load with one 
compartment fully isolated to repair damaged filter bags. The 
pressure drop across the fabric filter system should not 
increase significantly when one compartment is isolated. 


5-6.3.3 Collectors equipped with other types of bags should 
be subdivided into compartments by partitions of 30-minute 
fire resistance if no automatic sprinkler protection is pro- 
vided or by noncombustible partitions if sprinklers are pro- 
vided. Partitions should extend from the hopper, through the 
bag area to the clean air plenum. Protection inside dust col- 
lectors should include the bag area. The design density 
should be 0.20 gpm/ft? (8.1 mm/min) over the plan area of 
the dust collector. 


5-6.3.4 If automatic sprinkler protection is provided, struc- 
tural design of the collector should take into consideration 
maximum water loading. A method should be provided for 
drainage of water from the hoppers. 


5-6.3.5 Each compartment should be equipped with a heat 
detection system, arranged to alarm in a constantly attended 
area at a temperature 50°F (28°C) above normal operating 
temperature. 
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5-6.3.6 One of the following should be provided to prevent 
high temperature inlet flue gas from damaging the bags: 


(1) Where permitted for emergency conditions, an auto- 
matic isolation valve and bypass duct to divert inlet gas 
streams around the flue gas bag collector 

(2) A flue gas tempering water spray system in the duct 
between the boiler and the flue gas bag collector. 


5-6.3.7 Manual fire fighting equipment should be available to 
personnel performing maintenance on a collector. A stand- 
pipe system should be provided such that each compartment 
is accessible by at least one hose system. 


5-6.3.8 Access doors or hatches for manual fire fighting and 
viewing ports should be provided for all compartments. 


5-6.4 Electrostatic Precipitators. 


5-6.4.1 Electrostatic precipitators can be damaged by heat 
from a fire. High temperatures can warp collecting plates, 
decreasing collection efficiency. Combustibles may be gener- 
ated by over-rich boiler-furnace firing. Solid and liquid prod- 
ucts of incomplete combustion can be collected on plate 
surfaces. Ignition can occur by arcing in the electrostatic pre- 
cipitator. 


5-6.4.2* Temperature sensors should be provided in the inlet 
and outlet ducts. Alarms should be provided in the control 
room to indicate abnormal operating temperatures. 


5-6.4.3 Transformer-rectifier sets should use high fire point 
insulating fluids or should be of the dry type. If mineral oil 
insulating fluids are used, hydrants or standpipes should be 
located so that each transformer-rectifier set can be reached 
by at least one hose stream. In addition either of the following 
should be provided: 


(a) Automatic sprinkler or automatic water spray protec- 
tion. Fire protection water spray systems provided for trans- 
former-rectifier sets should be designed for a density of 0.25 
gpm/ft* (10.2 mm/min) over the exposed surface of the 
transformer-rectifier set. Automatic sprinkler systems should 
be designed for a density of 0.25 gpm/ft? (10.2 mm/min) over 
3500 ft? (325 m2). The drain system should be capable of han- 
dling oil spillage plus the largest design water flow from the 
fire protection system. 


(b) Fire barrier(s) or spatial separation in accordance with 
Chapter 3. (See 3-2.4 and 3-2.5.) 


5-6.5* Scrubbers and Exhaust Ducts. 


5-6.5.1 General. Fires have occurred in scrubbers with com- 
bustible lining, combustible packing, or both. The fires 
occurred during outages and were caused by cutting and weld- 
ing. Attempts to manually fight the fires were not successful 
since smoke and heat prevented access to the scrubber. Where 
scrubbers were located in buildings, there has been extensive 
smoke and heat damage to the building. A fire also can occur 
in ducts with plastic or rubber lining. 


5-6.5.2 Scrubber Buildings. 


5-6.5.2.1 Buildings should be constructed of materials meet- 
ing the criteria outlined in Section 3-4. 


5-6.5.2.2 Where scrubbers have plastic or rubber linings, one 
of the following methods of protection for the building should 
be provided: 
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(a) Automatic sprinkler protection at ceiling level sized to 
provide 0.20 gpm/ft? (8.1 mm/min). The area of operation 
should be the area of the building or 10,000 ft? (930 m?). 
Where draft curtains are provided the area of operation can 
be reduced to the largest area subdivided by draft curtains. 

(b) The roof deck and supporting steel should be pro- 
tected with a l-hour fire proof coating. Building columns 
should be protected with a 2-hour fire proof coating from the 
roof to 20 ft (6.1 m) below the roof. Columns adjacent to 
scrubber openings should be protected from the roof to below 
the opening scrubber opening. Automatic or remotely actu- 
ated heat venting should be provided with a vent area of 1 ft 
(0.09 m*) per 50 ft? (4.6 m?) of floor area. 


5-6.5.2.3 If a listed less flammable fluid is not used, hydraulic 
and lubricating oil equipment should be protected as 
described in 5-7.4. 


5-6.5.3 Scrubbers. 


5-6.5.3.1 Materials of Construction. Scrubbers, internal pip- 
ing, and ducts should be constructed of noncombustible mate- 
rials, or the recommendations of 5-6.5.3.2 and 5-6.5.3.3 should 
be incorporated. 


5-6.5.3.2 During outages, all of the following should be done: 


(a) Cutting, welding, and other hot work is the most likely 
cause of ignition. Thus, strict controls should be enforced. 
Packing should be covered with fire-resistant blankets over 
sheet metal. Blankets should be kept wet. A charged hose and 
fire watch should be provided at the work area. 

(b) All equipment lined with combustible material should 
be identified with warning signs or placards. 

(c) The scrubber reservoir should be maintained full if 
possible or returned to service as quickly as possible during an 
outage. 

(d) The absorber inlet and outlet damper should be 
closed during cutting, welding, or other hot work to reduce 
the induced draft. When the scrubber outlet damper is open 
no work should be permitted in the downstream duct or stack. 


5-6.5.3.3 Fire Protection. A fire protection system should be 
provided during outages for absorber vessels containing com- 
bustible packing or lining and should include the following: 


(a) The fire protection system can be the spray system 
designed for normal scrubber operation or a_ specially 
designed fire protection system. Water spray systems should be 
designed such that spray patterns cover the lining and pack- 
ing. Where scrubber spray systems are used for fire protection, 
system components internal to the scrubber should be non- 
combustible. The water supply should be from a reliable 
source available during the outage. 

(b) Duct systems. A fire protection system should be pro- 
vided during maintenance operations. A fixed protection sys- 
tem on the scaffolding is recommended. The system should be 
designed to protect the work platform and twice the area that 
can be reached by workers on the platform. 

(c) Due to the unique design and operating features of 
scrubbers, fire protection designers should consult with the 
scrubber manufacturer for guidance as to material selection 
for internal fire protection systems and specific protection 
design features. 

(d) Standpipes should be provided such that 1!/,in. (3.8- 
cm) hose is available at scrubber access hatches that are open 
during outages. 


(e) Combustible materials in the scrubber should be lim- 
ited and controlled during maintenance and inspection out- 
ages. 


5-6.5.4 Limestone Conveyors. Limestone conveyors for use 
with flue gas desulfurization systems should meet the fire pro- 
tection requirements of 5-4.4.1, 5-4.4.2, 5-4.4.3, and 5-4.5.1. 
Conveyors critical to continued plant operation should be 
provided with an automatic sprinkler or water spray system 
over the drive pulley, and a fire detection system should be 
provided and interlocked to shut down the conveyor. 


5-6.6 Stacks. 


5-6.6.1 Noncombustible liners should be used where practi- 
cal. (See Appendix C for fire tests.) 


5-6.6.2 Combustibles should not be stored in the space 
between the concrete shell and the combustible liner unless the 
liner is adequately protected by a fire barrier. The barrier could 
be either a 2-hour fire barrier or a 1]-hour fire barrier if auto- 
matic sprinkler protection is provided over the combustible 
material. 


5-6.6.3 A fire protection system should be provided for main- 
tenance operations inside plastic stack liners. A fixed protec- 
tion system installed on scaffolding is recommended. It should 
be capable of both manual and automatic operation and 
designed to protect the work platform and twice the area that 
can be reached by workers on the platform. 


5-6.6.4 Ignition sources should be eliminated when working 
inside plastic liners. 


5-7 Turbine-Generator. 
5-7.1 Hydrogen System. 
5-7.1.1 General. 


5-7.1.1.1 For hydrogen storage systems, see NFPA 50A, Stan- 
dard for Gaseous Hydrogen Systems at Consumer Sites, or NFPA 
50B, Standard for Liquefied Hydrogen Systems at Consumer Sites. 


5-7.1.1.2_ Bulk hydrogen systems supplying one or more gen- 
erators should have automatic valves located at the supply and 
operable either by “dead man” type controls at the generator 
fill point(s) or operable from the control room. This would 
minimize the potential for a major discharge of hydrogen in 
the event of a leak from piping inside the plant. Alternatively, 
vented guard piping may be used in the building to protect 
runs of hydrogen piping. 


5-7.1.1.3 Routing of hydrogen piping should avoid hazardous 
areas and areas containing critical equipment. 


5-7.1.1.4 Hydrogen cylinders and generator hydrogen fill and 
purge manifold should be located remote from the turbine 
generator. 


5-7.1.2 Hydrogen Seal Oil Pumps. 


5-7.1.2.1 Redundant hydrogen seal oil pumps with separate 
power supplies should be provided for adequate reliability of 
seal oil supply. 


5-7.1.2.2 Where feasible, electrical circuits to redundant 
pumps should be run in buried conduit or provided with fire 
retardant coating if exposed in the area of the turbine gener- 
ator to minimize possibility of loss of both pumps as a result of 
a turbine generator fire. 
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5-7.1.3 Curbing or drainage or both should be provided for 
the hydrogen seal oil unit in accordance with Section 3-6. 


5-7.1.4 A flanged spool piece or equivalent arrangement 
should be provided to facilitate the separation of hydrogen 
supply where the generator is opened for maintenance. 


5-7.1.5 For electrical equipment in the vicinity of the hydro- 
gen handling equipment, including detraining equipment, 
seal oil pumps, valves, etc., see Article 500 of NFPA 70, National 
Electrical Code, and Section 127 of ANSI C2, National Electrical 
Safety Code. 


5-7.1.6 Control room alarms should be provided to indicate 
abnormal gas pressure, temperature, and percentage of 
hydrogen in the generator. 


5-7.1.7 Hydrogen lines should not be piped into the control 
room. 


5-7.1.8 The generator hydrogen dump valve and hydrogen 
detraining equipment should be arranged to vent directly to a 
safe outside location. The dump valve should be remotely 
operable from the control room or an area accessible during 
a machine fire. 


5-7.2 Hydraulic Control System. 


5-7.2.1 The hydraulic control system should use a listed fire- 
resistant fluid. 


5-7.2.2 Ifa listed fire-resistant fluid is not used, hydraulic control 
equipment should be protected as described in 5-7.4. 


5-7.2.3 Fire extinguishing systems, where required for hydrau- 
lic control equipment, should include reservoirs and stop, 
intercept, and reheat valves. 


5-7.3 Lubricating Oil Systems. 


5-7.3.1 Use of a listed fire resistant (i.e., less hazardous or less 
flammable) lubricating oil should be considered. 


5-7.3.2, Lubricating oil storage, pumping facilities, and associ- 
ated piping should comply with NFPA 30, Flammable and Com- 
bustible Liquids Code. 


5-7.3.3. Turbine lubricating oil reservoirs should be provided 
with a vapor extractor, vented to a safe outside location. 


5-7.3.4 Curbing or drainage or both should be provided for 
the turbine lubricating oil reservoir in accordance with Sec- 
tion 3-6. 


5-7.3.5 All oil piping serving the turbine-generator should be 
designed and installed to minimize the possibility of an oil fire 
in the event of severe turbine vibration. (See NFPA 30, Flamma- 
ble and Combustible Liquids Code; Chapter 3, Piping Systems.) 


5-7.3.6* Piping design and installation should consider the 
following protective measures: 


(1) Welded construction 

(2) Guard pipe construction with the pressure feed line 
located inside the return line or in a separate shield pipe 
drained to the oil reservoir 

(3) Route oil piping clear of or below steam piping or metal 
parts 

(4) Insulation with impervious lagging for steam piping or 
hot metal parts under or near oil piping or turbine bear- 
ing points 
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(5) Non-combustible coverings (flange guards) around the 
flange to reduce the possibility of oil spraying onto a hot 
surface 


5-7.3.7 It is desirable to provide for remote operation, prefer- 
ably from the control room, of the condenser vacuum break 
valve and lock out of the lubricating oil pumps. Breaking the 
condenser vacuum markedly reduces the rundown time for 
the machine and thus limits oil discharge in the event of a 
leak. See the discussion in 2-4.6 on fire emergency planning 
involving turbine lubricating oil fires. 


5-7.3.8 Cable for operation of lube oil pumps should be pro- 
tected from fire exposure. Protection may consist of separa- 
tion of cable for ac and dc oil pumps or 1-hour fire resistive 
coating (derating of cable should be considered). 


5-7.4 Fire Protection. 
5-7.4.1 Turbine-Generator Area. 


5-7.4.1.1* All areas beneath the turbine-generator operat- 
ing floor that are subject to oil flow, oil spray, or oil accu- 
mulation should be protected by an automatic sprinkler or 
foam-water sprinkler system. This coverage normally 
includes all areas beneath the operating floor in the tur- 
bine building. The sprinkler system beneath the turbine- 
generator should take into consideration obstructions from 
structural members and piping and should be designed to 
a density of 0.30 gpm/ft? (12.2 mm/min) over a minimum 
application of 5000 ft* (464 m?). 


5-7.4.1.2 Lubricating oil lines above the turbine operating 
floor should be protected with an automatic sprinkler system 
covering those areas subject to oil accumulation including the 
area within the turbine lagging (skirt). The automatic sprin- 
kler system should be designed to a density of 0.30 gpm/ft? 
(12.2 mm/min). 


5-7.4.1.3* Lubricating oil reservoirs and handling equipment 
should be protected in accordance with 5-7.4.1.1. If the lubri- 
cating oil equipment is in a separate room enclosure, protec- 
tion may be provided by a total flooding gaseous extinguishing 
system. 


5-7.4.1.4 Above the operating floor, ceiling level sprinkler sys- 
tems may not be effective to protect floor level equipment and 
components from oil fires because of the high ceilings [typi- 
cally in excess of 40 ft (12 m)]. More effective protection can 
be provided by containing oil spills and providing local auto- 
matic protection systems for the containment areas. 


5-7.4.1.5 Foam-water sprinkler systems installed in place of 
automatic sprinklers described above should be designed in 
accordance with NFPA 16, Standard for the Installation of Foam- 
Water Sprinkler and Foam-Water Spray Systems, and the design 
densities specified above. 


5-7.4.1.6 Electrical equipment in the area covered by a water 
or foam-water system should be of the enclosed type or other- 
wise protected to minimize water damage in the event of sys- 
tem operation. 


5-7.4.2* Turbine-Generator Bearings. 


5-7.4.2.1* Turbine generator bearings should be protected 
with a closed-head sprinkler utilizing directional nozzles. 
Automatic actuation is more reliable than manual action. Fire 
protection systems for turbine-generator bearings should be 
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designed for a density of 0.25 gpm/ft* (10.2 mm/min) over 
the protected area. 


5-7.4.2.2 Accidental water discharge on bearing points and 
hot turbine parts should be considered. If necessary, these 
areas may be permitted to be protected by shields and encas- 
ing insulation with metal covers. 


5-7.4.2.3 Ifa manually operated water system is installed, con- 
sideration should be given to a supplemental automatic gas- 
eous fire extinguishing system. 


5-7.4.2.4 If turbine-generator bearings are protected with a 
manually operated sprinkler system, the following should be 
provided: 


(a) Manual activation should be from the control room or 
a readily accessible location not exposing the operator to the 
fire condition. Staffing of plant should be sufficient to 
promptly handle this function as well as other responsibilities 
during an emergency of this nature. 


(b) Documented procedures should be in place with 
authorized approval given to operators to activate the system 
if necessary in a fire condition. 


(c) Periodic training should be given to operators regard- 
ing the need for prompt operation of the system. 


5-7.4.3 Exciter. The area inside a directly connected exciter 
housing should be protected with a total flooding automatic 
carbon dioxide system. 


5-7.4.4 Hydrogen Seal Oil. Hydrogen seal oil units should be 
protected in accordance with 5-7.4.1. 


5-7.4.5 Oil Storage Areas. Clean or dirty oil storage areas 
should be protected based on the fire risk evaluation. This 
area generally represents the largest concentrated oil storage 
in the plant. The designer should consider, as a minimum, the 
installation of fixed automatic fire protection systems and the 
ventilation and drainage requirements in Chapter 3. 


5-8 Electrical Equipment. 
5-8.1 Control, Computer, and Communication Rooms. 


5-8.1.1 Control, computer, or telecommunication rooms 
should meet the applicable requirements of NFPA 75, Stan- 
dard for the Protection of Electronic Computer/Data Processing Equip- 
ment. 


5-8.1.2 A smoke detection system should be _ installed 
throughout these rooms, including walk-in-type consoles, 
above suspended ceilings where combustibles are installed, 
and below raised floors. Where the only combustibles above 
the false ceiling are cables in conduit and the space is not 
used as a return air plenum, smoke detectors may be permit- 
ted to be omitted from this area. 


5-8.1.3 A preaction sprinkler system for the computer or tele- 
communications rooms should be considered during the fire 
risk evaluation. In addition, total flooding gaseous fire extin- 
guishing systems should be considered for areas beneath 
raised floors that contain cables or for areas or enclosures con- 
taining equipment that is of high value or is critical to power 
generation. Individual equipment and cabinet protection 
could be considered in lieu of total flooding systems. 


5-8.1.4 Cable raceways not terminating in the control room 
should not be routed through the control room. 


5-8.2 Cable Spreading Room and Cable Tunnels. 


5-8.2.1 Cable spreading rooms and cable tunnels should be 
protected with automatic sprinkler, water spray, or automatic 
gaseous extinguishing systems. Automatic sprinkler systems 
should be designed for a density of 0.30 gpm/ft? (12.2 mm/ 
min) over 2500 ft? (232 m?) or the most remote 100 linear ft 
(30 m) of cable tunnels up to 2500 ft? (232 m?). 


5-8.2.2 Cable spreading rooms and cable tunnels should be 
provided with an early warning fire detection system. 


5-8.3. Grouped Electrical Cables. 


5-8.3.1 Consideration should be given to the use of fire retar- 
dant cable insulation such as those passing the Flame Propa- 
gation Test of the Institute of Electrical and Electronics 
Engineers (IEEE-383). Grouped electrical cables should be 
routed away from exposure hazards or protected as required 
by the fire risk evaluation. In particular, care should be taken 
to avoid routing cable trays near sources of ignition or flamma- 
ble and combustible liquids. Where such routing is unavoid- 
able, cable trays should be designed and arranged to prevent 
the spread of fire. 


5-8.3.2 Cable trays subject to accumulation of coal dust and 
the spread of an oil spill should be covered by sheet metal. 
Where potential oil leakage is a problem, solid-bottom trays 
should be avoided. Changes in elevation can prevent oil travel 
along cables in a tray. 


5-8.3.3. The fire risk evaluation should consider the provision 
of fire suppression systems or fire retardant cable coatings or 
both for protection of cable concentrations from exposure 
fires. Care should be exercised in the selection of fire retar- 
dant coatings to ensure that derating of the cable is consid- 
ered. Consideration also should be given to the ability to add 
or remove cables and to make repairs to cables protected with 
fire retardant coatings. 


5-8.4 Switchgear and Relay Rooms. Switchgear rooms and 
relay rooms should be provided with smoke detection systems. 


5-8.5 Battery Rooms. Battery rooms should be provided with 
ventilation to limit the concentration of hydrogen to 1 percent 
by volume. For further information refer to ANSI/IEEE 484, 
Recommended Practice for Installation Design and Installation of 
Large Lead Storage Batteries for Generating Stations and Substations. 


5-8.6 Transformers. Oil-filled main, station service, and start- 
up transformers should be protected with automatic water 
spray or foam-water spray systems. 


5-8.7* Substations and Switchyards. Substations and switch- 
yards located at the generating facility, utilizing combustible 
oil filled equipment should be protected by the yard fire 
hydrant system where practical. Spatial separation of trans- 
formers and other equipment containing over 500 gal (1893 
L) of oil should be in accordance with 3-2.4. Consideration 
should be given to water spray protection of transformers crit- 
ical to the transmission of the generated power. 


5-9 Auxiliary Equipment and Other Structures. 
5-9.1 Emergency Generators. 


5-9.1.1 The installation and operation of emergency generators 
should be in accordance with NFPA 37, Standard for the Installa- 
tion and Use of Stationary Combustion Engines and Gas Turbines. 
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5-9.1.2 Fire Protection. 


5-9.1.2.1 Emergency generators located within main plant 
structures should be protected by automatic sprinkler, water 
spray, foam-water sprinkler, or gaseous-type extinguishing sys- 
tems. Sprinkler and water spray protection systems should be 
designed for a 0.25 gpm/ft? (10.2 mm/min) density over the 
fire area. 


5-9.1.2.2 Where gaseous suppression systems are used on 
combustion engines that may be required to operate during 
the system discharges, consideration should be given to the 
supply of engine combustion air and outside air for equip- 
ment cooling. 


5-9.2 Storage Rooms, Offices, and Shops. Automatic sprin- 
klers should be provided for storage rooms, offices, and shops 
containing combustible materials that present an exposure to 
surrounding areas that are critical to plant operations. (For oil 
storage rooms, see 5-7.4.5.) 


5-9.3 Warehouses. Automatic sprinklers should be provided 
for warehouses that contain high-value equipment and com- 
bustible materials that are critical to power generation or that 
constitute a fire exposure to other important buildings. 


5-9.4 Fire Pumps. Rooms housing diesel-driven fire pumps 
should be protected by automatic sprinkler, water spray, or 
foam-water sprinkler systems. If sprinkler and water spray pro- 
tection systems are provided for fire pump houses, they should 
be designed for a density of 0.25 gpm/ft? (10.2 mm/min) over 
the fire area. 


5-9.5 Cooling Towers. Cooling towers of combustible con- 
struction that are essential to continued plant operations 
should be protected by automatic sprinkler or water spray sys- 
tems in accordance with NFPA 214, Standard on Water-Cooling 
Towers. 


5-9.6 Auxiliary Boilers. 


5-9.6.1 Auxiliary boiler-furnaces, their fuel burning systems, 
combustion products removal systems, and related control 
equipment should be designed, installed, and operated in 
accordance with Section 5-5. 


5-9.6.2 Oil- or coal-fueled auxiliary boilers installed within 
main plant structures should be protected by automatic sprin- 
kler, water spray, or foam-water sprinkler systems. A sprinkler 
system is preferred throughout the auxiliary boiler room on a 
0.25 gpm/ft? (10.2 mm/min) density. As a minimum, sprin- 
kler or water spray protection should be provided as outlined 
in 5-5.1. 


5-9.7 Vehicle repair facilities should meet the requirements 
of NFPA 88B, Standard for Repair Garages. 


Chapter 6 Identification and Protection of Hazards for 
Combustion Turbines 


6-1 General. 


6-1.1 This chapter identifies fire and explosion hazards of 
combustion turbine electric generating units and specifies 
recommended protection criteria. 


6-1.2 It should be recognized that some combustion turbine 
generating facilities consist of manufactured modules wherein 
construction consists of siting these modules, providing fuel 
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supply, essential services, and interconnections to the electric 
system, while other facilities consist of buildings specifically 
designed and built or modified for the combustion turbine 
generator and its auxiliaries. Therefore, some recommenda- 
tions may be more suitable for one type of plant than the 
other. 


6-2 Application of Chapters 2 through 5 and Chapter 9. The 
recommendations contained in Chapters 2 through 5 and 
Chapter 9 may apply to combustion turbine electric generating 
units. It is incumbent on the fire risk evaluation to determine 
which recommendations apply to any specific combustion tur- 
bine unit. This is done by evaluating the specific hazards that 
exist in the facility and evaluating the level of acceptable risk for 
the facility. For large combustion turbine units or combined 
cycle plants, it is expected that most of the recommendations 
will apply, whereas for individual packaged combustion turbine 
units, many of the recommendations will not apply since the 
hazards described may not exist (e.g., small units may have no 
cable spreading room or warehouse). 


6-3 General Design and Equipment Arrangement. 


6-3.1 Adequate separation should be provided, as determined 
by the fire risk evaluation, between the following: 


(1) Adjacent combustion turbine units 

(2) Adjacent structures or exposures 

(3) Adjacent properties (e.g., tank farms or natural gas facil- 
ities that could present a severe exposure) 


6-3.2 Consideration should be given to equipment layout that 
is adjacent to combustion turbines and in line with planes of 
turbine and compressor disks that have a higher potential for 
damage from flying debris. 


6-3.3 Compressors and regulating stations installed on-site 
should be protected in accordance with the recommendations 
of Chapter 6. 


6-4 Unattended Facilities. Facilities that are operated unat- 
tended present special fire protection concerns. 


6-4.1 Consideration should be given both to the delayed 
response time of the fire brigade or public fire-fighting per- 
sonnel (which may be several hours) and to the lack of person- 
nel available to alert others to a fire condition. 


6-4.2 The fire risk evaluation should address delayed response 
and lack of communication. This may establish the need to 
provide additional fire protection measures to prevent a major 
fire spread prior to the arrival of fire-fighting personnel. The 
delayed response by personnel to the site may necessitate auto- 
matic shutoff of fire pumps. 


6-4.3 Automatic water mist suppression systems should be 
installed in accordance with their listing with respect to vol- 
ume limitations, nozzle placement, and discharge durations. 
The arrangement will depend on the type of systems and the 
hazard protected. Thermal detection is recommended. 


6-4.4 Remote annunciation of the fire-signaling panel to one 
or more constantly attended locations is critical for emergency 
response. The fire-signaling panel should be located at the 
entry to the unattended plant. 


6-4.5 Itis important that the responding fire brigade or public 
fire-fighting forces be familiar with access, plant fire protec- 
tion systems, emergency lighting, specific hazards, and meth- 
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ods of fire control. This should be reflected in the plant fire 
emergency plan. (See Section 2-4.) 


6-4.6 If an automatic foam system is provided for the fuel stor- 
age tanks, a cycling system could be provided to shut down the 
system when the foam concentrate supply is exhausted. 


6-5 Combustion Turbine and Internal Combustion Engine 
Generators. 


6-5.1 General. 


6-5.1.1 The installation and operation of combustion tur- 
bine and internal combustion generators should be in accor- 
dance with NFPA 37, Standard for Installation and Use of 
Stationary Combustion Engines and Gas Turbines, except as mod- 
ified by this section. 


6-5.1.2 Site specific design considerations or manufacturers 
typical design will govern what equipment has enclosures or 
how many separate enclosures will be provided for the com- 
bustion turbines or the diesel engines. The combustion tur- 
bine generator is frequently supplied as a complete power 
plant package with equipment mounted on skids or pads and 
provided with metal enclosures forming an all-weather hous- 
ing. In addition to being weather-tight, the enclosures are 
designed to provide thermal and acoustical insulation. 
Smaller diesel engine plants might involve enclosures for 
equipment but more commonly engine generators are 
installed in a row in an open room or hall. 


6-5.1.3 The major hazards associated with combustion tur- 
bine or diesel electric generator units are as follows: 


(1) Flammable and combustible fuels 
(2) Hydraulic and lubricating oils 


6-5.1.4* In the event of a pipe failure, large amounts of oil or 
fuel could be released and ignite on contact with hot metal 
parts. In addition to external fire hazards, combustion tur- 
bines are subject to the hazard of uncontrolled internal fires if 
flameout occurs and the fuel is not shut off immediately, or if 
fuel is admitted to a hot engine and ignition does not occur. 
Crankcase explosions in diesel engines have caused large 
external fires. Other hazards associated with the combustion 
turbine or internal combustion engine generator are as fol- 
lows: 


(1) Electrical equipment 
(2) Large amounts of filter media and enclosure insulation 


6-5.1.5 In the event of a problem with a diesel engine, shut- 
down may be difficult. Several different methods, operating 
independently, should be provided. These can include cen- 
trifugally tripped (over speed condition) spring operated fuel 
rack closure, governor fuel rack closure, electro-pneumatic 
fuel rack closure, or air inlet guillotine type air shutoff. 


6-5.2 Prevention of Internal Fires in Combustion Turbines. 


6-5.2.1* Combustion turbines should have flame detectors in 
the combustion section to detect flameout or ignition failure 
during startup. In the case of flameout the fuel should be rap- 
idly shut off. If ignition is not achieved within a normal startup 
time, then the control system should abort the startup and 
close the fuel valves. 


6-5.2.2* In order to prevent conditions that could cause a fire 
while the unit is operating, control packages for combustion 
turbines should include the following monitors: 


(1) Turbine speed sensor, independent of the main gover- 
nor, for tripping on overspeed 

(2) Vibration monitors at the main turbine bearings, for trip- 
ping on excessive vibration 

(3) Turbine exhaust temperature monitor, for tripping on 
high temperature 


6-5.2.3. Two safety shutoff valves in series on the main fuel line 
should be used to minimize the likelihood of fuel leaking into 
the engine. On gas systems an automatic vent to the outside 
atmosphere should be provided between the two valves. 


6-5.3 Prevention of External Fires in Combustion Turbines 
and Diesel Engines. 


6-5.3.1 Piping systems supplying flammable and combustible 
liquids and gases should be designed to minimize oil and fuel 
piping failures as described in the following paragraphs (a) 
through (e). 


(a) If rigid metal piping is used, it should be designed with 
freedom to deflect with the engine, in any direction, at the 
interface with the turbine. This recommendation also should 
apply to hydraulic lines that are connected to accessory gear- 
boxes or actuators mounted directly in the engine. Properly 
designed metallic hose is an alternative for fuel, hydraulic, and 
lube oil lines in high vibration areas, between rigid pipe supply 
lines and manifolds, and the points of entry at the engine 
interface. 

(b) Rigid piping connected directly to the turbine should 
be supported such that failures will not occur due to the natu- 
ral frequency of the piping coinciding with the rotational 
speed of the combustion turbine. Care should be taken in the 
design of pipe supports to avoid vibrations induced by other 
equipment that may excite its natural frequency. 

(c) Welded pipe joints should be used where practical. 
Threaded couplings and flange bolts in fuel and oil piping 
should be assembled using a torque wrench and torqued to 
the manufacturer’s requirements. Couplings should have a 
positive locking device to prevent unscrewing. 

(d) Instrumentation tubing, piping, and gauges should be 
protected from accidental mechanical damage. Sight glasses 
should be unbreakable. 

(e) Where practical, lubricating oil lines should use pipe 
guard construction with the pressure feed line located inside 
the return line. 


6-5.3.2 For diesel engines, the following monitors should be 
provided: 


(1) Speed sensors, independent of governors 
(2) High exhaust gas temperature alarm with shutdown 


6-5.3.3* In many units the lubricating oil is used for both 
lubrication and hydraulic control. For combined systems, a 
listed fire-resistive fluid should be considered. If separate sys- 
tems are used, the hydraulic control system should use a listed 
fire-resistive hydraulic fluid, and a listed fire-resistant fluid 
should be considered for the lubricating system. 


6-5.3.4 Combustible gas detector(s) should be considered for 
the enclosure or gas turbines. 


6-5.3.5 For recommendations regarding containment and 
drainage of liquids, see Section 3-6. 


6-5.4 Fire Protection for Combustion Turbines and Diesel 
Electrical Generators. 
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6-5.4.1 General. 


6-5.4.1.1 Determination of the need for fire suppression for 
the combustion turbine engine should be based on consider- 
ation of the value of the unit, consequences of loss of the unit, 
and vulnerability of adjacent structures and equipment to 
damage. 


6-5.4.1.2 Water suppression systems, where provided, should 
follow the recommendations in Chapter 5 and the following 
criteria: 


(1) Water spray nozzles provided to protect the combustion 
turbine power bearing housings behind the exhaust duct 
should be directed based on unit geometry to avoid pos- 
sible water damage. 

(2) Automatic sprinkler or water spray protection should be 
provided for exposed oil piping and areas on the floor 
under the turbine where leaking oil may collect. 

(3) Accidental water discharge on bearing points and hot 
turbine parts should be considered. If necessary, these 
areas can be protected by shields and encasing insulation 
with metal covers. 

(4) Fuel valves should be arranged to close automatically on 
water flow. 

(5) Turbine chargers on diesel engines constitute a part of 
the hazard and protection should be provided. 


6-5.4.1.3 Lubricating oil reservoirs and handling equipment 
should be protected in accordance with 5-7.3.3 and 5-7.4.1.3. 
Where this equipment is located in open areas within a building, 
the building should be sprinklered in accordance with 5-7.4.1.1. 
Where lubricating oil reservoirs and handling equipment are 
installed outside, individual coverage is appropriate. 


6-5.4.2 Total Flooding Gaseous Systems. 


6-5.4.2.1 Where total flooding gaseous systems are used, the 
turbine enclosure should be arranged for minimum leakage 
by automatic closing of the doors, ventilation dampers, and 
automatic shutdown of the fans and other openings. Combus- 
tion turbine or diesel engine compartments are designed to 
be capable of nominally air-tight closure. During operation 
there is, however, a need for substantial amounts of secondary 
cooling (compartment ventilation) air. This air can be moved 
through the compartments by fans or venturi action from the 
turbine combustion or diesel engine air. This air flow will not 
stop immediately upon shutdown, and, therefore, it should be 
considered in the extinguishing system design. 


6-5.4.2.2 Gas design concentrations should be held as long as 
the hazards of hot metal surfaces above the auto-ignition tem- 
perature and uncontrolled combustible liquid flow exist (con- 
sult manufacturer for cooldown times). Proper gaseous 
extinguishing system design dictates that the design concen- 
tration be held in the compartment for the cooling time dis- 
cussed above to take place. This has been shown to be around 
20 minutes for many areas, but can be substantially longer. It 
also has been shown that the initial gas discharge will not hold 
for a 20-minute time period in most turbine or engine com- 
partments. Therefore, the designer should determine the 
level of an extended added discharge that is necessary to main- 
tain fire extinguishment. This usually requires discharge test- 
ing to determine if design concentrations can be maintained. 
Where gas concentrations cannot be effectively maintained, 
an alternative system, such as high-expansion foam or water 
extinguishing system, may be desirable. 
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6-5.4.2.3 System operations should be arranged to close the 
fuel valves. 


6-5.4.2.4 Maintenance of total flooding systems is particularly 
critical. In addition to the extinguishing equipment, the integ- 
rity of the enclosure to be flooded and the interlocks between 
the two should be maintained. 


6-5.4.2.5 It should be noted that deep-seated fires, such as oil- 
soaked insulation, may be present and will require manual 
extinguishment after the gaseous system soak time. 


6-5.4.2.6 For combustion turbines or diesel engines located 
indoors, provisions should be addressed for safely removing 
the gas and potential toxic combustion by-products from the 
turbine enclosure following system actuation. 


6-5.4.3 Total flooding water mist systems. 


6-5.4.3.1 Where total flooding water mist systems are used the 
system should be installed in accordance with NFPA 750, Stan- 
dard on Water Mist Fire Protection Systems, and should be listed 
for the application. The system should be installed in accor- 
dance with the manufacturer’s installation procedures. 


6-5.4.3.2 The turbine enclosure should be arranged for 
reduced leakage by automatic closing of the doors, ventilation 
dampers, and automatic shutdown of fans and other open- 
ings. Fuel valves should be arranged to close automatically on 
system actuation. 


6-5.4.3.3 The water (and air) supply should be sized to be 
capable of providing protection for as long as the hazards of 
hot metal surfaces above the autoignition temperature and 
uncontrolled combustible liquid flow exist (consult manufac- 
turer for cooldown times). This has been shown to be 20 min- 
utes for many areas, but can be substantially longer. This 
requirement can be met by cycling the mist discharge pro- 
vided this is included in the listing and has shown to be effec- 
tive in fire tests. 


6-5.4.4 Localized Extinguishing Systems. 


6-5.4.4.1 Where units are not enclosed and a first level of pro- 
tection is desired that will operate before sprinklers, or where 
sprinklers are not installed, a localized extinguishing system 
might be appropriate. Such a system should be of an approved 
local application type such as water mist, carbon dioxide, dry 
chemical, or other approved gaseous extinguishing system. 


6-5.4.4.2 Discharge rates and duration of discharge should be 
such that cooling and shutdown occurs to prevent reignition 
of the fire. System operation should be arranged to close fuel 
valves. 


6-5.4.4.3 The positioning of local application nozzles should 
be such that maintenance access to the turbine or engine is 
maintained. 


6-5.4.5 High-Expansion Foam Systems. Where total flooding 
high-expansion foam systems are used for the enclosure where 
the turbine is located, system operation should be arranged to 
close the fuel valves. 


6-5.5 Inlet Air System. 


6-5.5.1 Air filters and evaporative coding media should be of 
a type that will not burn freely when exposed to fire. UL 900, 
Standard for Safety Test Performance of Air Filters, can be used as 
guidance. 
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6-5.5.2 Manual fire-fighting equipment should be available to 
personnel performing maintenance on air filters. 


6-5.5.3 Access doors or hatches should be provided for man- 
ual fire fighting on large air filter structures. 


6-5.6 Generators. 


6-5.6.1 Hydrogen systems should comply with recommenda- 
tions in 5-7.1 and 5-7.4.4. 


6-5.6.2 Fire protection should be provided in accordance with 
6-5.4.1, 6-5.4.2, 6-5.4.3, 6-5.4.4, or 6-5.4.5. 


6-5.6.3* Air-cooled generators should be tightly sealed 
against the ingress of moisture in the event of discharge (acci- 
dental or otherwise) of a water spray system. Sealing should be 
positive, such as by a gasket or grouting, all around the gener- 
ator housing. 


6-5.7* Starting Equipment. Fire protection should be pro- 
vided for the starting equipment on the combustion tur- 
bine and its enclosure, based on consideration of the 
factors in 6-5.4.1. 


6-6 Electrical Equipment. 


6-6.1 Control Enclosures. The size of the combustion tur- 
bine generator and the site design determine whether control 
enclosures are provided. Control enclosures normally are 
used in remote locations and are designed to be unattended. 
Control enclosures contain turbine and generator control 
panels, switchgear, batteries, relays, and indication gauges. 


6-6.2 Auxiliary Electrical Equipment Enclosures. Auxiliary 
electrical equipment enclosures, where provided, normally 
contain static excitation equipment, switchgear, current trans- 
formers, potential transformers, grounding transformers, and 
other electrical equipment. 


6-6.3 A smoke detection system should be installed to provide 
early warning and alarm functions in the event of an electrical 
fire within the enclosure. 


6-6.4 An automatic suppression system should be considered 
for the enclosures. 


6-7 Combined Cycle Units. 


6-7.1 Heat Recovery Steam Generators. Heat recovery steam 
generators using supplemental firing should be designed and 
protected in accordance with Section 5-5. 


6-7.2 Steam Turbines. Steam turbines, generators, and their 
associated hazards should be designed and protected in accor- 
dance with Section 5-7. 


Chapter 7 Alternative Fuels 


7-1 General. This chapter identifies fire and explosion haz- 
ards of alternative fuel (e.g., RDF, MSW, biomass) fired elec- 
tric generating plants and specifies recommended protection 
criteria. 


7-2, Application of Chapters 2 through 5 and Chapter 9. The 
recommendations contained in Chapters 2 through 5 and 
Chapter 9 may apply to alternative fuel fired electric generat- 
ing station units. It is incumbent upon the fire risk evaluation 
to determine which recommendations apply to any specific 
alternative fuel fired unit. This is done by evaluating the spe- 


cific hazards that exist in the facility and determining the level 
of acceptable risk for the facility. It is expected that most of the 
recommendations will apply to all units, except as follows: 


(1) Where size and specific design eliminate certain hazards 
(e.g., Hg seal oil units, cable spreading rooms, or ware- 
houses) 

(2) Where the fire risk evaluation indicates a single source of 
water (e.g., a single tank) is considered adequate and reli- 
able 


7-3. Mass Burn Fuels. 
7-3.1 General. 


7-3.1.1 This section (Section 7-3) identifies fire and explosion 
hazards that are unique to the use of municipal solid waste 
(MSW) as a boiler fuel by means of a process that includes the 
hauling of MSW directly to a tipping floor or storage pit and 
burning without any special processing. MSW is municipal 
solid waste consisting of commonly occurring residential and 
light commercial waste. 


7-3.1.2 The major fire and explosion hazards associated with 
mass burn units are as follows: 


(1) Sourcing, receipt, handling, and storage of large quanti- 
ties of MSW. 

(2) Unsuitable waste entering the facility. Examples include 
certain hydrocarbons, flammable liquids, metal dusts, 
acetylene, explosives, etc. 

(3) Hydraulic and lubricating oils associated with the pro- 
cessing equipment. 

(4) Improperly maintained electrical equipment. 

(5) Large amounts of MSW accumulating in unsuitable areas 
as a result of spillage or handling. 

(6) Inadequate dust control. 


7-3.2 Plant Arrangement. 


7-3.2.1 A MSW hot-load unloading area should be designated 
and separated from other areas (preferably outdoors) so that 
loads containing smoldering or other suspect constituents can 
be segregated. Such areas should be properly monitored and 
equipped to promptly extinguish incipient fires before recom- 
bining with other MSW. 


7-3.2.2 The refuse pit is normally enclosed on three sides, up 
to the charging level, by reinforced concrete walls. The thick- 
ness of the walls vary with facility design, but should provide a 
minimum of 2-hour fire separation. 


7-3.2.3. Exposed steel columns located at the front of the 
refuse pit should be protected against structural damage 
caused by heat (fire). This protection could include concrete 
encasement, water spray, or other suitable alternatives and 
should extend from the base of the column to the roof of the 
refuse pit enclosure. Care should be taken to protect fire- 
proofing from mechanical damage. 


7-3.2.4 Smoke or heat vents should be considered in accor- 
dance with 3-5.1. 


7-3.2.5 Overhead cranes are often used to mix and stock the 
refuse within the pit. Undesirable waste (large items such as 
refrigerators) is often separated from the waste stock by the 
crane operator for offsite disposal or for shredding/process- 
ing (see 7-3.5) prior to replacement into the waste stock. All 
other items are loaded directly into boiler feed hoppers with- 
out processing. In addition, the acceptable method for extin- 
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guishment of small fires is also direct loading of the 
smoldering refuse into the hoppers by the crane operator. 
The following considerations should be given with respect to 
the crane operator’s pulpit: 


(1) Locating the pulpit such that operator safety is not com- 
promised 

(2) Ability to have a clear and unobstructed view of all stor- 
age and charging areas 

(3) Providing self-contained breathing apparatus for opera- 
tor egress 

(4) Providing direct communication with the boiler control 
room and floor manager 

(5) Ability to activate fire protection equipment 


7-3.2.6 Boiler feed equipment, such as a chute or metering 
bin, should be of noncombustible material and designed to 
minimize pockets or corners that could cause combustible 
material to build up. Video monitoring should be considered 
for locations not readily visible to plant staff. For further guid- 
ance, see NFPA 8505, Standard for Stoker Operation. 


7-3.2.7 Mass burn facilities utilizing hammermills and 
flailmills should refer to the criteria in 7-4.2.3. 


7-3.3 Prevention of Fires and Explosions in Mass Burn Units. 


7-3.3.1 A communication system should be provided between 
the floor manager and the control room to expedite assistance 
in the event of fire. 


7-3.3.2, The floor operators should ensure that MSW is contin- 
uously moved to the processing or storage areas. Vehicles 
loaded with MSW should not be parked in the building during 
idle periods. 


7-3.3.3 A regular program of housekeeping should be estab- 
lished to keep concentrations of combustible material to a 
minimum. 


7-3.3.4* Operational experience has demonstrated that rov- 
ing operators and other plant personnel have been key factors 
in detection of fires and unsafe conditions. It is important that 
they be properly trained to observe and react to incipient fire 
situations. These should be reported to the control room 
operator for evaluation to determine what action is to be 
taken. 


7-3.4 Fire Protection. 


7-3.4.1* Hose stations designed in accordance with NFPA 14, 
Standard for the Installation of Standpipe, Private Hydrants, and 
Ffose Systems, should be located throughout MSW storage (tip- 
ping building), charging floor, firing floor, hydraulic area, 
and residue building. Due to the high frequency of use, the 
following points should be considered: 


(1) Location and physical protection so as to avoid potential 
damage due to traffic patterns 

(2) Size and number to be determined for unique plant 
geometry (e.g., push walls) 

(3) Ease of use, maintenance, and storage, such as through 
the use of continuous-flow, noncollapsible hose reels 

(4) Protection from freezing in unheated areas 


7-3.4.2* MSW conveyors should be protected in accordance 
with 5-4.6.2. 


7-3.4.3, Hydraulic equipment, reservoirs, coolers, and associ- 
ated oil-filled equipment should be provided with automatic 
sprinkler or water spray protection. Sprinklers or spray nozzles 
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should be over oil-containing equipment and for 20 ft (6.1 m) 
beyond in all directions. A density of 0.25 gpm/ft? (10.2 mm/ 
min) should be provided. 


Exception: Where a listed fire-resistant fluid is used, protection is not 
needed. 


7-3.4.4* The tipping/receiving building should be provided 
with automatic sprinkler protection throughout. Systems 
should be designed for a minimum of 0.25 gpm/ft? (10.2 
mm/min) over the most remote 3000 ft? (279 m?) (increase 
by 30 percent for dry pipe systems) of floor area with the pro- 
tection area per sprinkler not to exceed 130 ft* (120 m?). High 
temperature sprinklers [250°F to 300°F (121°C to 149°C)] 
should be used. 


7-3.4.5 The MSW Storage Pit, Charging Floor, and Grapple 
Laydown Areas. 


7-3.4.5.1 Automatic sprinkler protection should be provided 
throughout the refuse enclosure to protect the entire roof 
area against structural damage. Systems should be designed 
for a minimum of 0.20 gpm/ft? (8.1 mm/min) over the most 
remote 3000 ft? (279 m?) (increase by 30 percent for dry pipe 
systems) of pit/floor area with the protection area per sprin- 
Kler not to exceed 100 ft? (9.3 m*). High temperature sprin- 
klers [250°F to 300°F (121°C to 149°C)] should be used. 
Exposed steel column protection, where provided, should be 
designed in accordance with NFPA 15, Standard for Water Spray 
Fixed Systems for Five Protection, and can be connected to the 
overhead sprinkler system. Due to the distance between the 
bottom of the refuse pit and the sprinkler system, manual 
hoses and monitor nozzles should be considered as the pri- 
mary means of fighting a MSW storage pit fire. 


7-3.4.5.2 In addition to sprinkler protection, the storage pit 
should be provided with monitor nozzle protection designed 
to furnish a minimum of 250 gpm (946 L/min) at 100 psi (689 
kPa) at the tip. Monitors should be located so as to allow for 
coverage of all pit areas with at least two (2) streams operating 
simultaneously. Due to frequency of use and potential for 
operator fire exposure, oscillating monitor nozzles with man- 
ual override should be provided. 


7-3.4.6 Particular care should be taken in the selection of fire 
detection devices in consideration of harsh and dusty environ- 
ments and high air flows. 


7-3.5* Explosion Suppression. Mass burn facilities utilizing 
hammermills and flailmills for processing of oversize bulky 
waste should follow the recommendations of 7-4.2.3. 


7-4 Refuse Derived Fuels (RDF). 
7-4.1 General. 


7-4.1.1 This section (Section 7-4) identifies fire and explosion 
hazards that are unique to the processing of municipal solid 
waste (MSW) into refuse derived fuels (RDF). RDF is a boiler 
fuel manufactured by means of a process that includes storing, 
shredding, classifying, and conveying the waste to a fuel stor- 
age area. It is then conveyed to the boiler through a metering 
device. 


7-4.1.2 The major fire and explosion hazards associated with 
RDF fired units are as follows: 


(a) Sourcing, receipt, handling, and storage of large quan- 
tities of MSW. 
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(b) Unsuitable waste entering the processing stream. 
Examples include certain hydrocarbons, flammable liquids, 
metal dusts, acetylene, explosives, etc. In the event of unsuit- 
able material entering the processing stream, severe explosion 
and fire could result in the shredders or flailmills. 

(c) Handling and storage of large quantities of RDF. 

(d) Hydraulic and lubricating oils associated with the pro- 
cessing equipment. 

(e) Improperly maintained electrical equipment. 

(f) Large amounts of MSW and RDF accumulating in 
unsuitable areas as a result of spillage, handling, or process- 
ing. 

(g) Inadequate dust control. 


7-4.2 Plant Arrangement. 


7-4.2.1 Fire areas should be separated from each other by 
approved means. In addition to the applicable requirements 
of 3-2.1.2 and 3-2.1.3, it is recommended that, as a minimum, 
fire area boundaries be provided to separate the following: 


(1) The tipping floor (including the MSW storage) 
(2) The processing area 
(3) RDF storage 


7-4.2.2 Specific MSW and RDF hot-load unloading areas 
should be designated and separated from other areas (prefer- 
ably outdoors) so that loads containing smoldering or other 
suspect constituents can be segregated. Such areas should be 
properly monitored and equipped to promptly extinguish 
incipient fires before recombining with other MSW and RDF. 


7-4.2.3 There is a potential fire and explosion hazard with the 
use of hammermills and flailmills and associated dust collec- 
tion equipment. During the size-reduction process flammable 
or explosive materials in the waste stream may be ignited. 


7-4.2.3.1 The primary shredder and associated dust collectors 
should be located within an enclosure of damage-limiting con- 
struction. It is preferable that the enclosure be detached from 
the main building. Other alternatives included are the follow- 
ing locations: 


(1) Outside of, but sharing a common wall with the main 
building 

(2) Inside of the main building, along an outside wall 

(3) Within the main building 


CAUTION 


In view of the difficulties in preventing and controlling 
all types of shredder explosions, it is important to isolate 
the shredder and surrounding enclosure from vulnera- 
ble equipment and occupied areas in the plant. Consid- 
eration should be given to the protection of operating 
personnel or visitors from the potential blast zone. 


7-4.2.3.2. Secondary shredders do not exhibit as significant a 
fire and explosion potential as primary shredders. Where spe- 
cific designs do not eliminate the potential for explosions in 
the secondary shredder, refer to 7-4.2.3.1. 


7-4.2.3.3* Shredders, shredder enclosures, and openings into 
the enclosure should be designed so that, by a combination of 
venting and wall strength, they will resist a postulated worst 
credible case explosion. Consideration should be given to a 
substantial increase in explosive pressure as a result of venting 
of shredders into a combustible vapor-air mixture within the 
enclosure. It is recommended that designers seek guidance 


from those having specialized experience in the analysis of 
such hazards, including specifying and constructing of explo- 
sion venting and shredder enclosures. 


7-4.2.3.4 Platforms at intermediate elevations should be of 
open grating to reduce obstructions to the effective vent area. 


7-4.2.3.5 Electrical equipment located inside the shredder 
enclosure should be rated for use in both hazardous vapor and 
dust atmospheres in accordance with Articles 500 and 501 of 
NFPA 70, National Electrical Code. 


7-4.2.3.6 Service panels or controls for the shredder should 
be located so as not to expose operating personnel to the blast 
zone. 


7-4.2.3.7 Explosion venting should be sized using the hydro- 
gen nomographs as described in NFPA 68, Guide for Venting of 
Deflagrations. Where ducts are used to vent explosions to the 
outside, consideration should also be given to increased pres- 
sure caused by the length of the vent duct. If the vent area 
available is inadequate for sufficient explosion venting 
because of the height of the vent stack or other factors, an 
explosion suppression system in the shredder should be used 
to augment the venting arrangement. Refer to 7-4.5. 


7-4.2.3.8 Where access door assemblies are provided for pri- 
mary shredder enclosure, they should be kept secured to pre- 
vent unauthorized access when the equipment is operating. 
The access door assemblies should have the same pressure rat- 
ing as the enclosure. 


7-4.2.4 Boiler Feed Equipment. 


7-4.2.4.1 Boiler feed equipment, such as a metering bin, 
should be of noncombustible material and designed to mini- 
mize pockets or corners that could cause combustible material 
to build up. Video monitoring should be considered for loca- 
tions not readily visible to plant staff. For further guidance, see 
NFPA 8505, Standard for Stoker Operation. 


7-4.2.4.2* Access hatches should be provided to allow operat- 
ing personnel to break up accumulations of combustible 
material or plugages. In addition, the hatches should be 
placed so that the stream from a fire hose can be directed onto 
a fire that may occur inside the equipment. 


7-4.2.5 Smoke or heat vents should be considered in accor- 
dance with 3-5.1. 


7-4.3 Prevention of Fires and Explosions in RDF Units. 


7-4.3.1 A communication system should be provided between 
the floor manager and the control room to expedite assistance 
in the event of fire. 


7-4.3.2, The floor operators should ensure that MSW is contin- 
uously moved to the processing or storage areas. Vehicles 
loaded with MSW or RDF should not be parked in the build- 
ing during idle periods. 


7-4.3.3 A regular program of housekeeping should be estab- 
lished to keep concentrations of combustible material to a 
minimum. 


7-4.3.4 The process should be designed to minimize the pro- 
duction of dust. Dust collected in a dust collection system, bag- 
house, or cyclone should be discharged downstream of the 
collection system, back to the conveying system, or back to the 
residue or waste stream. For additional guidance, see 5-4.3.4. 
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7-4.3.5* Operational experience has demonstrated that rov- 
ing operators and other plant personnel have been key factors 
in detection of fires and unsafe conditions. It is important that 
they be properly trained to observe and react to incipient fire 
situations. These should be reported to the control room 
operator for evaluation to determine what action is to be 
taken. 


7-4.4 Fire Protection. 


7-4.4.1* Hose stations designed in accordance with NFPA 14, 
Standard for the Installation of Standpipe, Private Hydrants, and 
Ffose Systems, should be located throughout MSW storage (tip- 
ping building), processing structures, and RDF storage struc- 
tures. Due to the high frequency of use, the following points 
should be considered: 


(1) Location and physical protection so as to avoid potential 
damage due to traffic patterns 

(2) Size and number to be determined for unique plant 
geometry (e.g., push walls) 

(3) Ease of use, maintenance, and storage, such as through 
the use of continuous-flow, noncollapsible hose reels 

(4) Protection from freezing in unheated areas 


7-4.4.2 Based on the combustible loading, location, and 
essential use, an automatic sprinkler system should be consid- 
ered for dust collectors, baghouses, and cyclone type separa- 
tors. See 5-4.6.5. 


7-4.4.3* MSW and RDF conveyors should be protected in 
accordance with 5-4.6.2. 


7-4.4.4* Interlocks. The actuation of a fire suppression sys- 
tem should cause equipment it protects to shut down. With 
the shutdown of the equipment, the upstream feed conveyors 
should also shut down to stop feeding combustible material to 
the fire, while downstream conveyors should be stopped to 
prevent the spread of the fire. A manual override should be 
provided. 


7-4.4.5 Classifiers/trommels, such as rotating screens, should 
be provided with water spray protection to prevent fire from 
propagating downstream through the screen. Systems should 
be designed for a minimum of 0.25 gpm/ft? (10.2 mm/min) 
of the entire screen area with nozzles no more than 10 ft (3.0 
m) on center. Consideration should be given to avoiding phys- 
ical damage from mobile equipment operation in the area 
and from the material being processed. 


7-4.4.6 Hydraulic equipment, reservoirs, coolers, and associ- 
ated oil-filled equipment should be provided with automatic 
sprinkler or water spray protection. Sprinklers or spray nozzles 
should be over oil-containing equipment and for 20 ft (6.1 m) 
beyond in all directions. A density of 0.25 gpm/ft? (10.2 mm/ 
min) should be provided. 


Exception: Where a listed fire-resistant fluid is used, protection is not 
needed. 


7-4.4.7* The tipping/receiving building should be provided 
with automatic sprinkler protection throughout. Systems 
should be designed for a minimum of 0.25 gpm/ft? (10.2 
mm/min) over the most remote 3000 ft? (279 m2) (increase 
by 30 percent for dry pipe systems) of floor area with the pro- 
tection area per sprinkler not to exceed 130 ft® (12.0 m?). 
High temperature sprinklers [250°F to 300°F (121°C to 
149°C) ] should be used. 
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7-4.4.8* The processing building should be provided with 
automatic sprinkler protection throughout. Systems should be 
designed for a minimum of 0.25 gpm/ft? (10.2 mm/min) over 
the most remote 3000 ft? (279 m?) (increase by 30 percent for 
dry pipe systems) of floor area with the protection area per 
sprinkler not to exceed 130 ft? (12.0 m2). 


7-4.4.9 The RDF storage building should be provided with 
automatic sprinkler protection throughout. Systems should be 
designed for a minimum of 0.35 gpm/ft®? (14.3 mm/min) over 
the most remote 3000 ft? (279 m?) (increase by 30 percent for 
dry pipe systems) of floor area with the protection area per 
sprinkler not to exceed 100 ft? (9.3 m?). High temperature 
sprinklers [250°F to 300°F (121°C to 149°C) ] should be used. 
Storage heights in excess of 20 ft (6.1 m) will require higher 
design densities. 


7-4.4.10 The RDF boiler feed system area, including bins, 
hoppers, chutes, conveyors, etc., should be considered for 
automatic sprinkler protection. Where provided, the systems 
should be designed for a minimum of 0.20 gpm/ft* (8.1 mm/ 
min) over the most remote 2000 ft? (186 m?) (increase by 30 
percent for dry pipe systems) of floor area with the protection 
area per sprinkler not to exceed 130 ft? (12.0 m?). Internal, as 
well as external, protection also should be considered depend- 
ing upon specific equipment design, ceiling heights, and 
accessibility for manual fire fighting. 


7-4.4.11 Shredder enclosures should be provided with auto- 
matic sprinkler or water spray protection. Systems should be 
designed for a minimum of 0.25 gpm/ft? (10.2 mm/min) over 
the most remote 3000 ft? (279 m?) (increase by 30 percent for 
dry pipe systems) of floor area with the protection area per 
sprinkler not to exceed 100 ft? (9.3 m?). Water spray protec- 
tion should also be provided within the shredder housings at 
intake and discharge chutes and within vent shafts. 


7-4.4.12 The environment should be considered in selecting 
detection devices. Heat detection is most reliable under con- 
ditions encountered in process areas. Smoke detection should 
not be used in process areas. If flame detectors are used, an air 
sweep of the lens should be provided. 


7-4.5 Explosion Suppression. 


7-4.5.1 Explosion suppression systems should be considered 
for protection of shredders. If such systems are selected, they 
should be designed and installed by qualified individuals 
using listed components. See NFPA 69, Standard on Explosion 
Prevention Systems, for further guidance. 


7-4.5.2_ Explosion suppression system detectors and agent dis- 
tribution should cover the entire shredder volume and all con- 
tiguous areas, including inlet and discharge conveyors, reject 
chutes, and dust collection systems. 


7-4.5.3 Mountings for explosion suppression system detectors 
and extinguishers should be cleaned frequently to ensure suc- 
cessful operation. Mountings, which include provisions for air 
purges, pneumatic rodding, and manual cleanout, have been 
found to be effective. 


7-5 Biomass Fuels. 
7-5.1 General. 


7-5.1.1 Section 7-5 identifies fire and explosion hazards that 
are unique to the processing of forest and agricultural by- 
products (e.g., woodchips, rice hulls, sugar cane, etc.) into 
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boiler fuel manufactured by means of a process that can 
include, but is not limited to, storing, shredding, classifying, 
and conveying the biomass to a fuel storage area and convey- 
ing it from the storage area to feed the boiler through a meter- 
ing device. In general, biomass fuels are such that fires of low 
to moderate intensity would be expected. There can be cases, 
however, where fuel type and processing will present a greater 
fire hazard and so require a higher level of protection. 


7-5.1.2 The major fire and explosion hazards associated with 
biomass fired units are as follows: 


(1) Sourcing, receipt, handling, and storage of large quanti- 
ties of biomass 

(2) Unsuitable biomass (e.g., herbicides, explosives, flamma- 
ble liquids, tramp metal) entering the processing stream 

(3) Hydraulic and lubricating oils associated with the pro- 
cessing equipment 

(4) Improperly maintained electrical equipment 

(5) Large amounts of biomass accumulating in unsuitable 
areas as a result of spillage, handling, or processing 

(6) Inadequate dust control 


7-5.2 Plant Arrangement. 


7-5.2.1 The initial biomass receiving and storage area, 
whether indoors or outdoors, should be designed in accor- 
dance with the following: 


(1) NFPA 61, Standard for the Prevention of Fires and Dust Explo- 

sions in Agricultural and Food Products Facilities 

(2) NFPA 80A, Recommended Practice for Protection of Buildings 

from Exterior Fire Exposures 

(3) NFPA 230, Standard for the Fire Protection of Storage 

(4) NFPA 299, Standard for Protection of Life and Property from 

Wildfire 

(5) NFPA 664, Standard for the Prevention of Fires and Explosions 
in Wood Processing and Woodworking Facilities 


7-5.2.2 Specific biomass unloading areas should be desig- 
nated and separated from other areas (preferably outdoors) 
so that loads containing smoldering or other suspect constitu- 
ents can be segregated. Such areas should be properly staffed 
and equipped to promptly extinguish incipient fires before 
recombining with other biomass. 


7-5.2.3. Where process or handling equipment involves biom- 
ass materials with particle size less than 80 mesh and with mois- 
ture content less than 30 percent by volume, a potential 
explosion hazard exists. Refer to NFPA 68, Guide for Venting of 
Deflagrations, NFPA 69, Standard on Explosion Prevention Systems; 
and NFPA 664, Standard for the Prevention of Fires and Explosions 
in Wood Processing and Woodworking Facilities, for further guid- 
ance. 


7-5.2.4 Fire areas should be separated from each other by 
approved fire barriers, spatial separation, or other approved 
means. In addition to the requirements of 3-2.1.3, it is recom- 
mended that, as a minimum, fire area boundaries be provided 
to separate: 


(1) the receiving/storage area; and 
(2) the processing area. 


7-5.2.5 Boiler feed equipment, such as a metering bin, should 
be of noncombustible material and designed to minimize 
pockets or corners that could cause combustible material to 
build up. Video monitoring should be considered for loca- 
tions not readily visible to plant staff. Refer to NFPA 8501, 
Standard for Single Burner Boiler Operation; NFPA 8502, Standard 


for the Prevention of Furnace Explosions/Implosions in Multiple 
Burners; NFPA 8503, Standard for Pulverized Fuel Systems, NFPA 
8504, Standard on Atmospheric Fluidized-Bed Boiler Operation; and 
NFPA 8505, Recommended Practice for Stoker Operation. 


7-5.2.6* Where access hatches are provided, they should allow 
operating personnel to break up accumulations of combusti- 
ble material or plugages. In addition, the hatches should be 
placed so that the stream from a fire hose can be directed onto 
a fire that may occur inside the equipment. 


7-5.2.7 Smoke or heat vents should be considered in accor- 
dance with 3-5.1. 


7-5.2.8 For biomass facilities utilizing processes described in 
7-5.2.4, refer to 7-3.2.3. 


7-5.3 Prevention of Fires and Explosions in Biomass Units. 


7-5.3.1 Outdoor Storage. For the prevention of fires with out- 
door storage of biomass, see NFPA 230, Standard for the Fire Pro- 
tection of Storage. 


7-5.3.2 Indoor Storage. 


7-5.3.2.1 A communication system should be provided 
between facility personnel and the control room to expedite 
assistance in the event of fire. 


7-5.3.2.2 For biomass materials subject to spontaneous igni- 
tion, the piles should be rotated on a regular basis. 


7-5.3.2.3 Vehicles loaded with biomass should not be parked 
in the building or storage areas. 


7-5.3.2.4 A regular program of housekeeping should be estab- 
lished to keep concentrations of combustible material to a 
minimum. 


7-5.3.2.5 Operational experience has demonstrated that rov- 
ing operators and other plant personnel have been key factors 
in detection of fires and unsafe conditions. It is important that 
they be properly trained to observe and react to incipient fire 
situations. These should be reported to the control room 
operator for evaluation to determine what action is to be 
taken. 


7-5.3.2.6 The process should be designed to minimize the 
production of dust. Dust collected in a dust collection system, 
baghouse, or cyclone should be discharged downstream of the 
collection system, back to the conveying system, or back to the 
residue or waste stream. For additional guidance, see 5-4.3.4. 


7-5.4 Fire Protection. 


7-5.4.1 For the fire protection of outdoor biomass material, 
see NFPA 230, Standard for the Fire Protection of Storage. 


7-5.4.2* Hose stations designed in accordance with NFPA 14, 
Standard for the Installation of Standpipe, Private Hydrants, and 
Hose Systems, should be located throughout the biomass stor- 
age, handling, and processing buildings. The following points 
should be considered: 


(1) Location and physical protection so as to avoid potential 
damage due to traffic patterns 

(2) Size and number to be determined for unique plant 
geometry (e.g., push walls) 

(3) Ease of use, maintenance, and storage, such as through 
the use of continuous-flow, noncollapsible hose reels 

(4) Protection from freezing in unheated areas 
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7-5.4.3* For biomass handling structures and conveyors, refer 
to 5-4.6. 


7-5.4.4* Biomass storage buildings should be provided with 
automatic sprinklers throughout. Systems should be designed 
for a minimum of 0.25 gpm/ft? (10.2 mm/min) over the most 
remote 3000 ft? (279 m?) (increase by 30 percent for dry pipe 
systems) of floor area with the protection area per sprinkler 
not to exceed 130 ft? (12.0 m?). 


7-5.4.5 Based on the combustible loading, location, and 
essential use, an automatic sprinkler system should be consid- 
ered for dust collectors, baghouses, and cyclone type separa- 
tors. See 5-4.6.5. 


7-5.4.6 Hydraulic equipment, reservoirs, coolers, and associ- 
ated oil-filled equipment should be provided with automatic 
sprinkler or water spray protection. Sprinklers or spray nozzles 
should be over oil-containing equipment and for 20 ft (6.1 m) 
beyond in all directions. A density of 0.25 gpm/ft? (10.2 mm/ 
min) should be provided. 

Exception: Where a listed fire-resistant fluid is used, protection is not 
needed. 


7-5.5 Explosion Protection. Biomass units utilizing equip- 
ment capable of producing explosive concentrations of gases 
or dusts as described in 7-5.2.3 should be provided with explo- 
sion venting or explosion suppression systems. For further 
guidance, see NFPA 68, Guide for Venting of Deflagrations, NFPA 
69, Standard on Explosion Prevention Systems, and NFPA 664, 
Standard for the Prevention of Fires and Explosions in Wood Process- 
ing and Woodworking Facilities. 


7-6 Rubber Tires. 
7-6.1 General. 


7-6.1.1* This section (Section 7-6) identifies fire and explo- 
sion hazards that are unique to the processing of rubber tires 
as a primary or secondary boiler fuel by means of a process 
that can include, but is not limited to, storing, shredding, and 
conveying the rubber tires to a fuel storage area (and convey- 
ing it from the storage area to fuel the boiler). 


7-6.1.2 There are several inherent fire hazards associated with 
scrap tires, whether outside or inside a building. Once tires are 
ignited, the fire develops rapidly, and it is difficult to extin- 
guish. The tires will generate a large amount of black smoke. 
In addition, as the tires burn they generate oil that can spread 
and increase the size of the fire. 


7-6.1.3 Hazards Associated with Scrap Rubber Tires. The 
major fire and explosion hazards associated with scrap rubber 
tire units are as follows: 


(1) Storage of large quantities of tires, whether inside or out- 
side 

(2) Fast developing and rapidly spreading fire that burns for 
an extended period of time 

(3) Hampering of fire fighting due to the generation of large 
amounts of black smoke and water pollution from runoff 

(4) Unsuitable material entering the processing stream 

(5) Large amounts of scrap tires accumulating in unsuitable 
areas as a result of spillage, handling, and processing 

(6) Inadequate dust control 


7-6.2 Plant Arrangement. 
7-6.2.1 The initial receiving and storage areas should be 


located outdoors. The area should be secured and cleared of 
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all vegetation within 100 ft (30 m) of tire storage. See Appen- 
dix C of NFPA 231D, Standard for Storage of Rubber Tires, for fur- 
ther guidance on pile size, separation, and access. 


7-6.2.2 The boiler feed equipment, such as a metering bin, 
should be of noncombustible material and designed to mini- 
mize pockets or corners that would cause combustible mate- 
rial to build up. Video monitoring should be considered for 
locations not readily visible to plant staff. Refer to NFPA 8501, 
Standard for Single Burner Boiler Operation; NFPA 8502, Standard 
for the Prevention of Furnace Explosions/Implosions in Multiple 
Burner Boilers, NFPA 8503, Standard for Pulverized Fuel Systems, 
NFPA 8504, Standard on Atmospheric Fluidized-Bed Boiler Opera- 
tion; and NFPA 8505, Standard for Stoker Operation. 


7-6.2.3* Where overhead cranes are used to load inside feed 
hoppers from inside the storage pits, the following should be 
considered: 


(1) Locating the pulpit so that operator safety is not compro- 
mised 

(2) The ability to have a clear and unobstructed view of all 
storage and charging areas 


7-6.2.4 For tire plant processes that generate dust explosion 
potential, refer to NFPA 68, Guide for Venting of Deflagrations, 
NFPA 69, Standard on Explosion Prevention Systems, and individ- 
uals having specialized experience. 


7-6.2.5 Smoke or heat vents should be considered in accor- 
dance with 3-5.1. 


7-6.3 Prevention of Fires and Explosions in Scrap Rubber 
Tires. 


7-6.3.1 A communication system should be provided between 
facility personnel and the control room to expedite assistance 
in the event of fire. 


7-6.3.2 The facility personnel should ensure that scrap tires 
are continuously moved to the processing or storage areas. 
Vehicles loaded with scrap tires should not be parked in the 
building during idle periods. 


7-6.3.3* A regular program of housekeeping should be estab- 
lished to keep concentrations of combustible material to a 
minimum. 


7-6.3.4 The process should be designed to minimize the pro- 
duction of dust. Dust collected in a dust collection system, bag- 
house, or cyclone should be discharged downstream of the 
collection system, back to the conveying system, or back to the 
residue or waste stream. For additional guidance, see 5-4.3.4. 


7-6.4 Fire Protection. 


7-6.4.1 For the water supply and fire protection requirements 
of outdoor storage of scrap rubber tires, see Appendix C of 
NFPA 231D, Standard for Storage of Rubber Tires. 


7-6.4.2* Hose stations designed in accordance with NFPA 14, 
Standard for the Installation of Standpipe, Private Hydrants, and 
Hose Systems, should be located throughout the facility. The 
following points should be considered: 


(1) Location and physical protection so as to avoid potential 
damage due to traffic patterns 


(2) Size and number to be determined for unique plant 
geometry (e.g., push walls) 
(3) Protection from freezing in unheated areas 
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7-6.4.3 Based upon the combustible loading, location, and 
essential use, an automatic sprinkler system should be consid- 
ered for dust collectors, baghouses, and cyclone type separa- 
tors. (See 5-4.6.5.) 


7-6.4.4* For scrap rubber tire handling structures and convey- 
ors, refer to 5-4.6. 


7-6.4.5 The scrap rubber tire pit should be provided with 
foam-water spray protection throughout. The system(s) 
should be designed for a minimum of 0.24 gpm/ft? (9.8 mm/ 
min) over the entire pit area with the protection area per noz- 
zle not to exceed 100 ft? (9.3 m?). 


CAUTION 


Due to the extreme hazard, clearance between the top 
of storage and foam-water spray systems should be min- 
imized. 


7-6.4.6* In addition to the foam-water spray protection, the 
storage pit should be provided with monitor nozzle protection 
designed to furnish a minimum of 250 gpm (946 L/min) at 
100 psi (689 kPa) at the tip. Monitors should be located so as 
to allow for coverage of all pit areas with at least two streams 
operating simultaneously. Due to the potential for operator 
fire exposure, oscillating monitor nozzles with manual over- 
ride should be provided. 


7-6.4.7 For protection and storage of scrap rubber tires 
indoors, refer to NFPA 231D, Standard for Storage of Rubber 
Tires. 

7-6.4.8 The boiler’s tire feed system, including bins, hoppers, 
and chutes, should be considered for automatic foam-water 
protection. Where provided, the system should be designed 


for a minimum of 0.30 gpm/ft®? (12.2 mm/min) over the most 
remote 2500 ft? (232 m?). 


7-6.4.9 All water spray systems should be capable of remote 
actuation from the control room or other constantly attended 
areas. Additionally, local actuation stations should be placed 
adjacent to the fire areas along lines of egress and in consider- 
ation of operator safety and protection from damage due to 
equipment. 


7-6.4.10 Hydraulic equipment, reservoirs, coolers, and associ- 
ated oil-filled equipment should be provided with automatic 
sprinkler or water spray protection. Sprinklers or spray nozzles 
should be over oil-containing equipment and for 20 ft (6.1 m) 
beyond in all directions. A density of 0.25 gpm/ft? (10.2 mm/ 
min) should be provided. 


Exception: Where a listed fire-resistant fluid is used, protection is not 
needed. 


7-6.4.11 Particular care should be taken in the selection of 
detection devices in consideration of harsh and dusty environ- 
ments and high air flows. 


7-6.5 Explosion Protection. Scrap rubber tire units utilizing 
equipment capable of producing explosive concentrations of 
gases or dusts should be provided with explosion venting or 
explosion suppression systems. For further guidance, see 
NFPA 68, Guide for Venting of Deflagrations, and NFPA 69, Sian- 
dard on Explosion Prevention Systems. 


7-7 Other Alternative Fuels and Processes. Other alterna- 
tive fuels (e.g., culm, peat, gob, etc.) are used as boiler fuels. 
Also, other technologies exist for the utilization and process- 


ing of alternative fuels as boiler fuels. It is recommended that 
designers seek guidance from those having specialized experi- 
ence to understand the unique characteristics of any particu- 
lar fuel or technology in order to properly apply the 
appropriate portions of this and other applicable documents. 


Chapter 8 High Voltage Direct Current (HVDC) 
Converter Stations 


8-1 General. This chapter identifies the fire hazards of high 
voltage direct current (HVDC) converter stations and speci- 
fies recommended protection criteria. 


8-2 Application of Chapters 2 through 5 and Chapter 9. The 
recommendations contained in Chapters 2 through 5 and 
Chapter 9 may apply to high voltage direct current converter 
stations. It is incumbent upon the fire risk evaluation to deter- 
mine which recommendations apply to any specific HVDC 
converter station. This is done by evaluating the specific haz- 
ards that exist in the facility and determining the level of 
acceptable risk for the facility. It is expected that most of the 
recommendations will apply to all HVDC converter stations. 


8-3 HVDC Converter Stations. 
8-3.1 General. 


8-3.1.1 This section (Section 8-3) identifies fire hazards that 
are associated with the operation of high voltage direct cur- 
rent converter stations. Conditions that could cause a fire in 
high voltage converter equipment include the following: 


(1) Loose electrical connections 

(2) Electrical insulation or resistance breakdowns 

(3) Overheated components 

(4) Water leakage or intrusion (cooling system malfunction, 
roof leak, etc.) 

(5) Foreign objects (tools, metal scrap, rubbish, vermin, etc.) 


8-3.1.2 The hazards that could present a fire risk at a HVDC 
converter station include the following: 


(1) Converter valve assemblies 

(2) Converter transformers 

(3) Oil-filled wall bushings 

(4) Capacitors containing combustible dielectric fluid or 
polymers 

(5) Station services and auxiliary high voltage equipment 


8-3.2 Plant Arrangement. 


8-3.2.1* Each thyristor valve hall should be established as a 
separate fire area. Each valve hall should be separated from 
adjacent fire areas by fire area boundaries in accordance with 
3-2.1.3. Unless consideration of the factors of 3-2.1.2 indicates 
otherwise, it is recommended that fire area boundaries be pro- 
vided to separate the following: 


(1) Service building 

(2) Main control room 

(3) Valve electronics rooms 

(4) HVAC equipment rooms 

(5) Relay room, SCADA room, and remote terminal unit 
room (RTU) 


8-3.2.2 Converter valves and associated support equipment 
should use noncombustible or limited combustible materials. 
Where noncombustible or limited combustible materials are 
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not used, fire-retardant separation barriers should be installed 
between the following equipment areas: 


(1) Valve tier levels, by adding to the bottom tray on each 
level 

(2) Valve modules, by adding to the side of each tray section 

(3) Grading capacitors, snubber circuits, and power supplies 


8-3.2.3 Smoke or heat vents should be considered in accor- 
dance with 3-5.1. 


8-3.2.4 Heating, ventilating, and air-conditioning (HVAC) 
systems for the valve hall should be provided with fire/smoke 
dampers arranged to shut down to preclude the entry of 
smoke from sources outside of the valve hall structure. A sep- 
arate dedicated HVAC system should serve each valve hall. 


8-3.2.5 Outdoor converter transformers and oil-filled smooth- 
ing reactor(s) should be arranged in accordance with 3-2.3 
and 3-6.6. 


8-3.2.6 Drainage provisions should be provided for indoor 
and outdoor oil-filled wall bushings. Drainage should be 
arranged in accordance with Section 3-6. Indoor oil-filled wall 
bushings should be provided with means to prevent the spread 
of oil to adjacent equipment. Where the converter bushings 
penetrate the valve hall, provisions should be made to prevent 
the oil contents of the transformer from entering the valve 
hall. 


8-3.2.7 Mercury arc converters should be arranged to mini- 
mize the effects of a hazardous material spill or airborne con- 
tamination from mercury that could impede fire fighting 
efforts and restoration activities. 


8-3.3 Fire Prevention. 


8-3.3.1 An emergency communication system should be pro- 
vided throughout the station to expedite assistance in the 
event of fire. 


8-3.3.2 A fire emergency plan should be implemented in 
accordance with Section 2-4.4. 


8-3.3.3 A regular housekeeping program should be estab- 
lished to maintain combustible and other materials in desig- 
nated storage areas. Periodic cleaning of the valve and the 
valve hall structure should be performed in accordance with 
the manufacturer’s instructions for maintaining a clean equip- 
ment and building environment. 


8-3.3.4* Operational experience has demonstrated that oper- 
ators and other plant personnel have been key factors in the 
detection of fires and unsafe conditions. It is important that all 
personnel be properly trained to observe and react appropri- 
ately to any potential fire situation. 


8-3.4 Fire Protection. 


8-3.4.1 Hose stations designed in accordance with NFPA 14, 
Standard for the Installation of Standpipe, Private Hydrants, and 
Hose Systems, should be located throughout the converter sta- 
tion. 


8-3.4.2 Oil-filled wall bushings should be protected with auto- 
matic fire suppression system(s). The fire suppression system 
design should ensure that the fire suppression agent does not 
affect the converter valve, the arrestors, or other energized 
electrical equipment. 


8-3.4.3 Auxiliary equipment areas and other structures 
should be protected with automatic protection systems in 
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accordance with Sections 5-8 and 5-9. Converter transformers 
should be protected in accordance with 5-8.7. 


8-3.4.4 The valve hall should be provided with an early warn- 
ing multi-stage fire detection air sampling system capable of 
detecting an incipient fire such as an overheated component. 
Consideration should also be given to providing a second reli- 
able fire detection system such as ionization, photo-electric, 
projected beam, optical devices, or video cameras. The inter- 
lock of a multi-stage smoke sampling system or the redundant 
fire detection system should be considered to initiate a fast- 
switch-off or emergency-switch-off of the respective valve 


group. 


8-3.4.5 For the protection of the converter equipment and 
the building, water-based or gaseous agent suppression sys- 
tems should be considered. The type and design of the sup- 
pression systems should be reviewed in consultation with the 
valve manufacturer. 


8-3.4.6 To mitigate the effects of electrical shock and thermal 
impact involving the converter equipment, manual fire-fight- 
ing equipment utilization and deployment training should be 
provided for the fire brigade and responding fire department 
personnel. 


Chapter 9 Fire Protection for the Construction Site 


9-1 Introduction. 


9-1.1 Although many of the activities on electric generating 
plant and HVDC converter station construction sites are similar 
to the construction of other large industrial plants, an above 
average level of fire protection is justified due to life safety con- 
sideration of the large number of on-site personnel, high value 
of materials, and length of the construction period. Consider- 
ation of fire protection should include safety to life, potential 
for delays in construction schedules and plant startup, as well as 
protection of property. 


9-1.2 Major construction projects in existing plants present 
many of the hazards associated with new construction while 
presenting additional exposures to the existing facility. The 
availability of the existing plant fire protection equipment and 
the reduction of fire exposure by construction activities are 
particularly important. 


9-1.3 For fire protection for plants and areas under construc- 
tion, see NFPA 241, Standard for Safeguarding Construction, Alter- 
ation, and Demolition Operations. This chapter addresses 
concerns not specifically considered in NFPA 241. 


9-2 Administration. 


9-2.1 The responsibility for fire prevention and fire protec- 
tion for the entire site during the construction period should 
be clearly defined. The administrative responsibilities should 
be to develop, implement, and periodically update the inter- 
nal program as necessary using the measures outlined in this 
recommended practice. 


9-2.2 The responsibility for fire prevention and fire protec- 
tion programs among various parties on site should be clearly 
delineated. The fire protection program that is to be followed 
and the owner’s right to administration and enforcement 
should be established. 
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9-2.3. The fire prevention and fire protection program should 
include a fire risk evaluation of the construction site and con- 
struction activities at any construction site. (See Chapter 3.) 


9-2.4 Written procedures should be established for the new 
construction site, including major construction projects in 
existing plants. Such procedures should be in accordance with 
Sections 2-3, 2-4, 2-4.2, 2-4.4, and 2-4.5. 


9-2.5 Security guard service, including recorded rounds, 
should be provided through all areas of construction during 
times when construction activity is not in progress. (See NFPA 
601, Standard for Security Services in Fire Loss Prevention.) 


(a) The first round should be conducted one-half hour 
after the suspension of work for the day. Thereafter, rounds 
should be made every hour. 


(b) Where partial construction activities occur on second 
and third shifts, the guard service rounds may be permitted to 
be modified to include only unattended or sparsely attended 
areas. 


(c) In areas where automatic fire detection or extinguish- 
ing systems are in service, with alarm annunciation at a con- 
stantly attended location, or in areas of limited combustible 
loading, rounds may be permitted to be omitted after the first 
round indicated in (a) above. 


9-2.6 Construction schedules should be coordinated so that 
planned permanent fire protection systems are installed and 
placed in service as soon as possible, at least prior to the intro- 
duction of any major fire hazards identified in Chapter 5. 


9-2.7 In-service fire detection and fire extinguishing systems 
provide important protection for construction materials, stor- 
age, etc., even before the permanent hazard is present. Tem- 
porary fire protection systems may be warranted during 
certain construction phases. The need and type of protection 
should be determined by the individual responsible for fire 
prevention and fire protection. 


9-2.8 Construction and installation of fire barriers and protec- 
tive opening devices (i.e., fire doors, dampers, etc.) should be 
given priority in the construction schedule. 


9-3 Site Clearing and Construction Equipment. 
9-3.1 Site Clearing. 


9-3.1.1 Prior to clearing forest and brush covered areas, the 
owner should ensure that a written fire control plan is pre- 
pared and that fire-fighting tools and equipment are made 
available as recommended by NFPA 295, Standard for Wildfire 
Control. Contact should be made with local fire and forest 
agencies for current data on restrictions and fire potential, 
and to arrange for necessary permits. 


9-3.1.2 All construction vehicles and engine-driven portable 
equipment should be equipped with effective spark arrestors. 
Vehicles equipped with catalytic converters should be prohib- 
ited from wooded and heavily vegetated areas. 


9-3.1.3 Fire tools and equipment should be used for fire emer- 
gencies only and should be distinctly marked and maintained 
in a designated area. 


9-3.1.4 Each site utility vehicle should be equipped with at 
least one fire-fighting tool, portable fire extinguisher, or back- 
pack pump filled with 4 gal to 5 gal (15 L to 19 L) of water. 


9-3.1.5 Cut trees, brush, and other combustible spoil should 
be disposed of promptly. 


9-3.1.6 Where it is necessary to dispose of combustible waste 
by onsite burning, designated burning areas should be estab- 
lished with approval by the owner and should be in compli- 
ance with federal, state, and local regulations and guidelines. 
The contractor should coordinate burning with the agencies 
responsible for monitoring fire danger in the area and 
obtain all appropriate permits prior to the start of work. (See 
Section 9-2.) 


9-3.1.7 Local conditions may require the establishment of fire 
breaks by clearing or use of selective herbicides in areas adja- 
cent to property lines and access roads. 


9-4 Construction Warehouses, Shops, and Offices. 


9-4.1 All structures that are to be retained as part of the com- 
pleted plant should be constructed of materials as indicated in 
Chapter 3 and should be in accordance with other recommen- 
dations for the completed plant. 


9-4.2 Construction warehouses, offices, trailers, sheds, and 
other facilities for the storage of tools and materials should be 
located with consideration of their exposure to major plant 
buildings or other important structures. (For guidance in separa- 
tion and protection, see NFPA 8O0A, Recommended Practice for Protec- 
tion of Buildings from Exterior Fire Exposures.) 


9-4.3 Large central office facilities may be of substantial value 
and contain high value computer equipment, irreplaceable 
construction records, or other valuable contents, the loss of 
which may result in significant construction delays. An analysis 
of fire potential should be performed. This analysis may indi- 
cate a need for automatic sprinkler systems or other protec- 
tion or the desirability of subdividing the complex to limit 
values exposed by one fire. 


9-4.4 Warehouses that contain high value equipment (as 
defined by the individual responsible for fire prevention and 
fire protection), or where the loss of or damage to contents 
would cause a delay in startup dates of the completed plant, 
should be arranged and protected as indicated below. 
Although some of these structures are considered to be “tem- 
porary” and will be removed upon completion of the plant, 
the fire and loss potential should be thoroughly evaluated and 
protection provided where warranted. 


9-4.4.1 Building construction materials should be noncom- 
bustible or limited combustible. (See Chapter 3.) 


9-4.4.2 Automatic sprinkler systems should be designed and 
installed in accordance with the applicable NFPA standards. 
Waterflow alarms should be provided and monitored at a con- 
stantly attended location as determined by the individual 
responsible for fire prevention and fire protection. 


9-4.4.3 Air-supported structures sometimes are used to pro- 
vide temporary warehousing space. Although the fabric enve- 
lope may be a fire-retardant material, the combustibility of 
contents and the values should be considered, as with any 
other type of warehouse. Because it is impractical to provide 
automatic sprinkler protection for them, air-supported struc- 
tures should be used only for noncombustible storage. An 
additional factor to consider is that relatively minor fire dam- 
age to the fabric envelope may leave the contents exposed to 
the elements. 
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9-4.5 Temporary enclosures, including trailers, inside perma- 
nent plant buildings should be prohibited except where per- 
mitted by the individual responsible for fire prevention and 
fire protection. Where the floor area of a combustible enclo- 
sure exceeds 100 ft? (9.3 m?) or where the occupancy presents 
a fire exposure, the enclosure should be protected with an 
approved automatic fire extinguishing system. 


9-4.6 Storage of construction materials, equipment, or sup- 
plies that are either combustible or in combustible packaging 
should be prohibited in main plant buildings unless one of the 
following conditions applies: 


(1) An approved automatic fire extinguishing system is in ser- 
vice in the storage area 

(2) Where loss of the materials or loss to the surrounding 
plant area would be minimal, as determined by the indi- 
vidual responsible for fire prevention and fire protection 


9-4.7 Construction camps comprised of mobile buildings 
arranged with the buildings adjoining each other to form one 
large fire area should be avoided. If buildings cannot be ade- 
quately separated, consideration should be given to installing 
fire walls between units or installing automatic sprinklers 
throughout the buildings. 


9-4.8 Fire alarms should be connected to a constantly 
attended central location. All premise fire alarm systems 
should be installed, tested, and maintained as outlined in 
NFPA 72, National Fire Alarm Code. 


9-4.9 The handling, storage, and dispensing of flammable liq- 
uids and gases should meet the requirements of NFPA 30, 
Flammable and Combustible Liquids Code; NFPA 58, Liquefied 
Petroleum Gas Code; and NFPA 395, Standard for the Storage of 
Flammable and Combustible Liquids at Farms and Isolated Sites. 


9-4.10 Vehicle repair facilities should meet the requirements 
of NFPA 88B, Standard for Repair Garages. 


9-5 Construction Site Lay-Down Areas. 


9-5.1 Fire hydrant systems with an adequate water supply 
should be provided in lay-down areas where the need is deter- 
mined by the individual responsible for fire prevention and 
fire protection. 


9-5.2 Combustible materials should be separated by a clear 
space to allow access for manual fire-fighting equipment (see 
Section 9-8). Access should be provided and maintained to all 
fire-fighting equipment including fire hoses, extinguishers, 
and hydrants. 


9-6 Temporary Construction Materials. 


9-6.1 Noncombustible or fire-retardant scaffolds, form work, 
decking, and partitions should be used both inside and out- 
side of permanent buildings where a fire could cause substan- 
tial damage or delay construction schedules. 


9-6.1.1 The use of noncombustible or fire-retardant concrete 
form work is especially important for large structures (e.g., 
turbine-generator pedestal) where large quantities of forms 
are used. 


9-6.1.2 The use of listed pressure-impregnated fire-retardant 
lumber or listed fire-retardant coatings generally would be 
acceptable. Pressure-impregnated fire-retardant lumber 
should be used in accordance with its listing and manufac- 
turer’s instructions. Where exposed to the weather or mois- 
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ture (e.g., concrete forms), the fire retardant used should be 
suitable for this exposure. Fire-retardant coatings are not 
acceptable on walking surfaces or surfaces subject to mechan- 
ical damage. 


9-6.2 Tarpaulins and plastic films should be of listed weather- 
resistant and fire-retardant materials. (See NFPA 701, Standard 
Methods of Five Tests for Flame Propagation of Textiles and Films.) 


9-7 Underground Mains, Hydrants, and Water Supplies. 
9-7.1 General. 


9-7.1.1 Where practical, the permanent underground yard 
system, fire hydrants, and water supply (at least one water 
source), as indicated in Chapter 4, should be installed during 
the early stages of construction. Where provision of all or part 
of the permanent underground system and water supply is not 
practical, temporary systems should be provided. Temporary 
water supplies should be hydrostatically tested, flushed, and 
arranged to maintain a high degree of reliability, including 
protection from freezing and loss of power. If there is a possi- 
bility that the temporary system will be used for the life of the 
plant, then the temporary system should meet the require- 
ments indicated in Chapter 4. 


9-7.1.2 The necessary reliability of construction water sup- 
plies, including redundant pumps, arrangement of power sup- 
plies, and use of combination service water and construction 
fire protection water, should be determined by the individual 
responsible for fire prevention and fire protection. 


9-7.2. Hydrants should be installed, as indicated in Chapter 4, 
in the vicinity of main plant buildings, important warehouses, 
office or storage trailer complexes, and important outside 
structures with combustible construction or combustible con- 
crete form work (e.g., cooling towers). Where practical, the 
underground main should be arranged to minimize the possi- 
bility that any one break will remove from service any fixed 
water extinguishing system or leave any area without accessi- 
ble hydrant protection. 


9-7.3 A fire protection water supply should be provided on 
the construction site and should be capable of furnishing the 
largest of the following for a minimum 2-hour duration: 


(1) 750 gpm (2839 L/min) 

(2) The in-service fixed water extinguishing system with the 
highest water demand and 500 gpm (1890 L/min) for 
hose streams 


9-7.3.1 The highest water demand should be determined by 
the hazards present at the stage of construction, which might 
not correspond with the highest water demand of the com- 
pleted plant. 


9-7.3.2 As fixed water extinguishing systems are completed, 
they should be placed in service, even when the available con- 
struction phase fire protection water supply is not adequate to 
meet the system design demand. The extinguishing system will 
at least provide some degree of protection, especially where 
the full hazard is not yet present. However, when the perma- 
nent hazard is introduced, the water supply should be capable 
of providing the designed system demand. When using con- 
struction water in permanent systems, adequate strainers 
should be provided to prevent clogging of the system by for- 
eign objects and dirt. 


9-7.3.3. The water supply should be sufficient to provide ade- 
quate pressure for hose connections at the highest elevation. 
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9-8 Manual Fire-Fighting Equipment. 


9-8.1* First aid fire-fighting equipment should be provided, 
in accordance with NFPA 600, Standard on Industrial Fire Bn- 
gades and NFPA 241, Standard for Safeguarding Construction, 
Alteration, and Demolition Operations. 


9-8.2 Portable fire extinguishers of suitable capacity should be 
provided in accordance with NFPA 10, Standard for Portable Five 
Extinguishers, as follows: 


(1) Where flammable liquids are stored or handled 

(2) Where combustible materials are stored 

(3) Where temporary oil- or gas-fired equipment is used 
(4) Where a tar or asphalt kettle is used 

(5) Where welding, grinding, or open flames are in use 


9-8.3. Hoses and nozzles should be available at strategic loca- 
tions, such as inside hose cabinets or hose houses or on dedi- 
cated fire response vehicles. 


9-8.4 If fire hose connections are not compatible with local 
fire-fighting equipment, adapters should be made available. 


Chapter 10 Referenced Publications 


10-1 The following documents or portions thereof are refer- 
enced within this recommended practice and should be con- 
sidered as part of its recommendations. The edition indicated 
for each referenced document is the current edition as of the 
date of the NFPA issuance of this recommended practice. 
Some of these documents might also be referenced in this rec- 
ommended practice for specific informational purposes and, 
therefore, are also listed in Appendix E. 


10-1.1 NFPA Publications. National Fire Protection Associa- 
tion, | Batterymarch Park, P.O. Box 9101, Quincy, MA 02269- 
9101. 


NFPA 10, Standard for Portable Fire Extinguishers, 1998 edi- 
tion. 

NFPA 11, Standard for Low-Expansion Foam, 1998 edition. 

NFPA 11A, Standard for Medium- and High-Expansion Foam 
Systems, 1999 edition. 

NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 
2000 edition. 

NFPA 12A, Standard on Halon 1301 Fire Extinguishing Sys- 
tems, 1997 edition. 

NFPA 13, Standard for the Installation of Sprinkler Systems, 
1999 edition. 

NFPA 14, Standard for the Installation of Standpipe, Private 
FAlydrants, and Hose Systems, 2000 edition. 

NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec- 
tion, 1996 edition. 

NFPA 16, Standard for the Installation of Foam-Water Sprinkler 
and Foam-Water Spray Systems, 1999 edition. 

NFPA 17, Standard for Dry Chemical Extinguishing Systems, 
1998 edition. 

NFPA 20, Standard for the Installation of Stationary Pumps for 
Five Protection, 1999 edition. 

NFPA 22, Standard for Water Tanks for Private Fire Protection, 
1998 edition. 

NFPA 24, Standard for the Installation of Private Five Service 
Mains and Their Appurtenances, 1995 edition. 

NFPA 25, Standard for the Inspection, Testing, and Maintenance 
of Water-Based Fire Protection Systems, 1998 edition. 


NFPA 30, Flammable and Combustible Liquids Code, 1996 edi- 
tion. 

NFPA 31, Standard for the Installation of Oil-Burning Equip- 
ment, 1997 edition. 

NFPA 37, Standard for the Installation and Use of Stationary 
Combustion Engines and Gas Turbines, 1998 edition. 
NFPA 50A, Standard for Gaseous Hydrogen Systems at Consumer 
Sites, 1999 edition. 
NFPA 50B, Standard for Liquefied Hydrogen Systems at Con- 
sumer Sites, 1999 edition. 
NFPA 51B, Standard for Five Prevention During Welding, Cut- 
ting and Other Hot Work, 1999 edition. 
NFPA 54, National Fuel Gas Code, 1999 edition. 
NFPA 58, Liquefied Petroleum Gas Code, 1998 edition. 
NFPA 61, Standard for the Prevention of Fires and Dust Explo- 
sions in Agricultural and Food Products Facilities, 1999 edition. 
NFPA 68, Guide for Venting of Deflagrations, 1998 edition. 
NFPA 69, Standard on Explosion Prevention Systems, 1997 edi- 
tion. 
NFPA 70, National Electrical Cod&, 1999 edition. 
NFPA 72, National Fire Alarm Cod&, 1999 edition. 
NFPA 75, Standard for the Protection of Electronic Computer/ 
Data Processing Equipment, 1999 edition. 
NFPA 77, Recommended Practice on Static Electricity, 1993 edi- 
tion. 
NFPA 80, Standard for Fire Doors and Fire Windows, 1999 edi- 
tion. 
NFPA 80A, Recommended Practice for Protection of Buildings 
from Exterior Fire Exposures, 1996 edition. 
NFPA 88B, Standard for Repair Garages, 1997 edition. 
NFPA 90A, Standard for the Installation of Air-Conditioning 
and Ventilating Systems, 1999 edition. 
NFPA 90B, Standard for the Installation of Warm Air Heating 
and Air-Conditioning Systems, 1999 edition. 
NFPA 91, Standard for Exhaust Systems for Air Conveying of 
Vapors, Gases, Mists, and Noncombustible Particulate Solids, 1999 
edition. 
NFPA 92A, Recommended Practice for Smoke-Control Systems, 
1996 edition. 
NFPA 101°, Life Safety Code, 2000 edition. 
NFPA 204, Guide for Smoke and Heat Venting, 1998 edition. 
NFPA 214, Standard on Water-Cooling Towers, 1996 edition. 
NFPA 220, Standard on Types of Building Construction, 1999 
edition. 

NFPA 230, Standard for the Fire Protection of Storage, 1999 edi- 
tion. 
NFPA 231D, Standard for Storage of Rubber Tires, 1998 edi- 
tion. 
NFPA 241, Standard for Safeguarding Construction, Alteration, 
and Demolition Operations, 1996 edition. 
NFPA 251, Standard Methods of Tests of Five Endurance of Build- 
ing Construction and Materials, 1999 edition. 
NFPA 252, Standard Methods of Fire Tests of Door Assemblies, 
1999 edition. 
NFPA 253, Standard Method of Test for Critical Radiant Flux of 
Floor Covering Systems Using a Radiant Heat Energy Source, 2000 
edition. 
NFPA 255, Standard Method of Test of Surface Burning Charac- 
teristics of Building Materials, 2000 edition. 
NFPA 256, Standard Methods of Fire Tests of Roof Coverings, 
1998 edition. 
NFPA 257, Standard on Fire Test for Window and Glass Block 
Assemblies, 2000 edition. 
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NFPA 259, Standard Test Method for Potential Heat of Building 
Materials, 1998 edition. 

NFPA 295, Standard for Wildfire Control, 1998 edition. 

NFPA 299, Standard for Protection of Life and Property from 
Wildfire, 1997 edition. 

NFPA 395, Standard for the Storage of Flammable and Combusti- 
ble Liquids at Farms and Isolated Sites, 1993 edition. 

NFPA 600, Standard on Industrial Fire Brigades, 2000 edition. 

NFPA 601, Standard for Security Services in Fire Loss Prevention, 
2000 edition. 

NFPA 664, Standard for the Prevention of Fires and Explosions in 
Wood Processing and Woodworking Facilities, 1998 edition. 

NFPA 701, Standard Methods of Fire Tests for Flame Propagation 
of Textiles and Films, 1999 edition. 

NFPA 704, Standard System for the Identification of the Hazards 
of Materials for Emergency Response, 1996 edition. 

NFPA 750, Standard on Water Mist Fire Protection Systems, 2000 
edition. 

NFPA 780, Standard for the Installation of Lightning Protection 
Systems, 1997 edition. 

NFPA 803, Standard for Five Protection for Light Water Nuclear 
Power Plants, 1998 edition. 

NFPA 851, Recommended Practice for Fire Protection for Hydro- 
electric Generating Plants, 2000 edition. 

NFPA 1221, Standard for the Installation, Maintenance, and 
Use of Emergency Services Communication Systems, 1999 edition. 

NFPA 1962, Standard for the Care, Use, and Service Testing of 
Fire Hose Including Couplings and Nozzles, 1998 edition. 

NFPA 1971, Standard on Protective Ensemble for Structural Fire 
Fighting, 2000 edition. 

NFPA 2001, Standard on Clean Agent Fire Extinguishing Sys- 
tems, 2000 edition. 

NFPA 8501, Standard for Single Burner Boiler Operation, 1997 
edition. 

NFPA 8502, Standard for the Prevention of Furnace Explosions/ 
Implosions in Multiple Burner Boilers, 1999 edition. 

NFPA 8503, Standard for Pulverized Fuel Systems, 1997 edi- 
tion. 

NFPA 8504, Standard on Atmospheric Fluidized-Bed Boiler Oper- 
ation, 1996 edition. 

NFPA 8505, Standard for Stoker Operation, 1998 edition. 


10-1.2 Other Publications. 


10-1.2.1 ANSI Publications. American National Standards 
Institute, 11 West 42nd Street, 13th floor, New York, NY 10036. 
ANSI B31.1, Code for Power Piping, 1989. 
ANSI C2, National Electrical Safety Code, 1981. 


10-1.2.2 ASTM Publications. American Society for Testing 
and Materials, 100 Barr Harbor Drive, West Conshohocken, 
PA 19428-2959. 

ASTM E 136, Standard Test Method for Behavior of Materials in 
a Vertical Tube Furnace at 750°C, 1994. 

ASTM E 814, Fire Tests of Through-Penetration Fire Stops, 1994. 

ASTM SI 10, Standard for Use of the International System of 
Units (SI): the Modern Metric System, 1997. 


10-1.2.3 IEEE Publications. Institute of Electrical and Elec- 
tronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, 
NJ 08855-1331. 

IEEE 383, Standard for Type Test of Class IE Electric Cables, Field 


Splices and Connections for Nuclear Power Generating Stations, 
1974. 
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IEEE 484, Recommended Practice for Installation, Design, and 
Installation of Large Lead Storage Batteries for Generating Stations 
and Substations, 1987. 

IEEE 634, Testing of Fire Rated Penetration Seals, 1978. 


10-1.2.4 U.S. Government Publication. U.S. Government Print- 
ing Office, Washington, DC 20402. 

Title 29, Code of Federal Regulations, Part 1910.156, “Fire Bri- 
gades,” 1986. 


10-1.2.5 UL Publication. Underwriters Laboratories Inc., 333 
Pfingsten Road, Northbrook, IL 60062. 


UL 900, Standard for Safety Test Performance of Air Filters, 1987. 


Appendix A Explanatory Material 


Appendix A is not a part of the recommendations of this NFPA doc- 
ument but is included for informational purposes only. This appendix 
contains explanatory material, numbered to correspond with the appli- 
cable text paragraphs. 


A-1-4.2 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce- 
dures, equipment, or materials; nor does it approve or evalu- 
ate testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the author- 
ity having jurisdiction may base acceptance on compliance 
with NFPA or other appropriate standards. In the absence of 
such standards, said authority may require evidence of proper 
installation, procedure, or use. The authority having jurisdic- 
tion may also refer to the listings or labeling practices of an 
organization that is concerned with product evaluations and is 
thus in a position to determine compliance with appropriate 
standards for the current production of listed items. 


A-1-4.3 Authority Having Jurisdiction. The phrase “authority 
having jurisdiction” is used in NFPA documents in a broad 
manner, since jurisdictions and approval agencies vary, as do 
their responsibilities. Where public safety is primary, the 
authority having jurisdiction may be a federal, state, local, or 
other regional department or individual such as a fire chief; 
fire marshal; chief of a fire prevention bureau, labor depart- 
ment, or health department; building official; electrical 
inspector; or others having statutory authority. For insurance 
purposes, an insurance inspection department, rating bureau, 
or other insurance company representative may be the author- 
ity having jurisdiction. In many circumstances, the property 
owner or his or her designated agent assumes the role of the 
authority having jurisdiction; at government installations, the 
commanding officer or departmental official may be the 
authority having jurisdiction. 


A-1-4.25 Listed. The means for identifying listed equipment 
may vary for each organization concerned with product evalu- 
ation; some organizations do not recognize equipment as 
listed unless it is also labeled. The authority having jurisdiction 
should utilize the system employed by the listing organization 
to identify a listed product. 


A-2-4.1.2 Inspection intervals for unattended plants may be 
permitted to be extended to normal plant inspections. 


A-2-4.4 Emergency conditions may warrant that breathing 
apparatus be readily available in the control room. Self-con- 
tained breathing apparatus should be considered for activities 
outside the control room. 
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A-2-4.5.2 Recommendations contained in NFPA 600, Standard 
on Industrial Fire Brigades, and 29 CFR 1910, Subparts E and L 
should be consulted for additional information. 


A-3-2.1.3 Where the control room and computer room are 
separated by a common wall, the wall need not have a fire 
resistance rating. 


A-3-2.2.1 Listed penetration seals for large diameter piping 
may not be commercially available. In such instances the 
design should be similar to listed configurations. 

Listed penetration seals for the internals of non-segregated 
phase bus ducts and isolated phase bus ducts can be excluded. 


A-3-2.4.3 As a minimum, the firewall should extend at least 
1 ft (0.31 m) above the top of the transformer casing and oil 
conservator tank and at least 2 ft (0.61 m) beyond the width 
of the transformer and cooling radiators. 

If columns supporting the turbine building roof at the 
exterior wall have a 2-hour fire resistive rating above the oper- 
ating floor, the firewall need not be higher than required to 
obtain line-of-sight protection to the height of the operating 
floor. 


A-3-2.4.5 A higher noncombustible shield may be permitted 
to be provided to protect against the effects of an exploding 
transformer bushing. 


A-3-2.5.2 Where multiple transformers of less than 100 gal 
(379 L) capacity each are located within close proximity, addi- 
tional fire protection may be required based on the fire risk 
evaluation. 


A-3-3.2 It generally is recognized that boiler and turbine 
buildings, protected in accordance with this document, meet 
the intent of NFPA 10/®, Life Safety Cod&, for additional travel 
distances for fully sprinklered facilities. 

NFPA J0J allows additional means of egress components 
for special purpose industrial occupancies. These areas may 
be permitted to be provided with fixed industrial stairs, fixed 
ladders (see ANSI A1264.1, Safety Requirements for Workplace Floor 
and Well Openings, Stairs, and Railing Systems, and ANSI A14.3, 
Standard for Safety Requirements for Fixed Ladders), or alternating 
tread devices (see NFPA 101). Examples of these spaces include 
catwalks, floor areas, or elevated platforms that are provided 
for maintenance and inspection of in-place equipment. 

Spaces internal to equipment and machinery are excluded 
from the requirements of NFPA 101. Examples of these spaces 
include, but are not limited to, the internals of the following: 


(1) Boilers 

(2) Scrubbers 

(3) Pulverizers 

(4) Combustion turbine enclosures 
(5) Cooling towers 

(6) Bunkers, silos, and hoppers 

(7) Conveyor pulley take-up areas 
(8) Electrostatic precipitators 


A-3-6.2. Design discharge for the turbine building should be 
based on the expected time necessary to take the turbine off 
line and put it on turning gear, but not less than 10 minutes. 


A-5-4.2.1 Spontaneous Heating. The chemical properties of 
coals that effect spontaneous combustion are oxygen content, 
moisture, impurities (especially sulfur in the form of pyrites), 
and volatiles. The physical properties are particle size and fri- 
ability. 


Spontaneous heating occurs due to oxidation of freshly 
exposed coal surfaces. For spontaneous heating to lead to igni- 
tion sufficient air must be present and in contact with fresh 
(unoxidized) surfaces, yet without sufficient air movement to 
dissipate heat generated by oxidation. The oxidation rate of 
coal at ambient temperatures is determined by its rank, its 
exposed surface area and the percentage of free oxygen in the 
atmosphere permeating the coal. Coal of low rank (soft coal) 
will have a higher oxidation rate than harder coal under the 
same conditions. Likewise, if coal is crushed to a finer particle 
size, more surface area will be exposed and the oxidation rate 
will increase. A reduction in free oxygen content in the atmo- 
sphere permeating the coal reduces the rate of oxidation 
(almost proportionately). Oxidation will continue at a 
reduced rate until the free oxygen is exhausted. Heat pro- 
duced by spontaneous combustion will be absorbed by the 
coal resulting in an increase in coal temperature. Due to the 
chimney effect, air infiltration leakage might be expected 
around the discharge valve or other bottom leaks of silos and 
bunkers or in the top 5 ft to 6 ft (1.5 m to 1.8 m) of the coal in 
the bunker. Therefore “hot spots” will tend to develop in the 
lower and upper portions of the coal in the silo and near any 
seams or openings that allow air infiltration. Inerting the coal 
with carbon dioxide or nitrogen, and covering the top of the 
bunker to prevent air to cause spontaneous ignition is a com- 
mon practice for forced and extended outage with coal in the 
bunker. As the coal temperature increases the rate of oxida- 
tion will also increase. Due to the range and number of vari- 
ables it is difficult to define the time to ignition of coal in 
storage. 


Spontaneous heating can be mitigated by minimizing wet- 
ting of the coal, the duration of storage of the coal, and air 
movement in the silo. 


A-5-4.2.2 Silo Construction. If the plant is designed to burn a 
type of coal that is considered prone to spontaneous combus- 
tion or one that has a high percentage of “volatiles,” silos 
should be cylindrical with conical hoppers. The coal’s angle of 
repose should be considered when designing the internal 
slope of the silo and hopper so that coal will flow freely (nor- 
mally 60 degrees from the horizontal will be sufficient) to 
avoid arching and voiding. Air cannons located at the throat 
of the silo can be used to ensure that coal continues to flow, 
however, caution is necessary to ensure that air cannons are 
not utilized during a fire or where low coal levels could result 
in suspended coal dust entering the explosive range. 


Experience indicates that coal volatility content above 38 
percent might be conducive to spontaneous heating. The 
designer might consider inerting the silo if the volatiles con- 
tent of the coal exceeds 38 percent. Where the coal used has 
known spontaneous heating problems, special conveyors and 
chutes or pans can be provided to unload silos during forced 
outages. 


A-5-4.2.3 Silo Operations and Maintenance. Where possible, coal 
silos should be operated at full capacity and coal should flow 
continuously. When silos are not operated at or near full vol- 
ume spontaneous combustion may occur at an increased rate. 
These conditions should be monitored periodically. Daily car- 
bon monoxide samples should be taken at the top of each silo 
to establish a benchmark carbon monoxide level. Increased 
carbon monoxide levels can give an early indication of a hot 
spot or silo fire. Some experience in this area indicates that 
the carbon monoxide levels may rise days before fires are 
detected by other means. Silo should be run empty and 
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inspected if the carbon monoxide levels exceed twice the 
benchmark concentration. 

Dependent on bin, bunker, or silo construction, the inter- 
nal space might allow the build-up of coal on its walls. Remov- 
ing the coal from the bin, bunker, or silo wall can be employed 
to minimize the risk of spontaneous combustion of the 
trapped coal. 

During planned maintenance outages, silos should be 
emptied and thoroughly cleaned of coal deposits. Operating 
procedures should ensure that magnetic separators are in ser- 
vice when coal is being conveyed into the silo to avoid intro- 
ducing tramp metals. Movement of tramp metal within the silo 
can result in an ignition source by striking metal parts causing 
sparks that might ignite coal dust. 

Three fires involving coal silos at one operating electric 
generating station occurred at or near cracks in the bottom 
cone of the silo. During maintenance outages the cones 
should be thoroughly inspected for cracks. 

A long thermocouple [i.e., 10 ft (3 m)] connected to a por- 
table instantaneous readout monitor can be employed. Push- 
ing the thermocouple into the coal storage can detect 
developing hot areas or strata at different depths. Periodic 
monitoring of temperature change in these areas will help 
predict spontaneous combustion development and aid in 
response preplanning. Portable infrared heat detection or 
thermography has also proven useful in locating hot spots. 
Typical hot spots are easily detected when they are in the size 
range of 2 ft (0.6 m) in diameter. Hot spots in the center and 
higher up may not be found until the hot spot enters the cone 
area as the coal level drops. 


A-5-4.2.6 All signs of spontaneous combustion and fire must 
be eliminated prior to the movement of coal. 

Manual Fire Suppression. Fire fighting in coal silos is a long 
and difficult activity. Some fire-fighting operations have taken 
several days to completely extinguish a fire. 

Smoldering coal in a coal bin, bunker, or silo is a poten- 
tially dangerous situation that depends on the location of the 
smoldering coal. There is a risk of a flash fire or explosion if 
the smoldering coal is disturbed. This risk should be consid- 
ered in preplanning. Personnel responding to a coal fire 
should have proper personal protective equipment, including 
SCBA and turnout gear, and training in this hazard. 

The area surrounding the smoldering coal should also be 
considered. The potential of developing an immediately dan- 
gerous to life and health (IDLH) atmosphere is possible. This 
should also be considered in preplanning. 

Depending on the strategy selected, resource demands will 
be varied but challenging. Prefire planning is an important 
element in successful silo fire control and should be included 
in the initial plant fire risk evaluation (see Section 3-1) and the 
fire emergency plan (see Section 2-4.4). Control room operators 
should be involved with the preplanning. 

Use of Class A Foams and Penetrants. Use of Class A foams and 
penetrants have found some success but it has been difficult to 
predict the resources required for successful fire control. The 
agents generally require mixing with water prior to applica- 
tion, usually in the range of 1 percent by volume, mixed in a 
manner similar to Class B agents. While the typical application 
of Class A foam is to fight wildland fires at 1 percent, many 
plants have reported success with using Class A foams at 0.1 
percent. This causes the agent to act as a surfactant. Higher 
proportions have caused excessive bubble accumulation that 
impedes penetration into the coal. 
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The application of foams and penetrants can be enhanced 
by using an infrared camera to search for hot spots, either on 
the sides or top of the silo, to facilitate injection of the agent 
as close as possible to the fire area. The infrared imagery can 
be used to evaluate performance and monitor progress of the 
attack. The water/agent solution must penetrate to the seat of 
combustion to be effective. This can be affected by the degree 
of compaction, voids, rate of application, evaporation rate, 
etc. Run-off must be drained through feeder pipe and will 
require collection, clean-up, and disposal. 

Use of Inerting Gas. Carbon dioxide and nitrogen have been 
used successfully as gaseous inerting agents. 

Carbon dioxide vapor has proven to be an effective fire 
suppression agent when forced through the coal by pressure 
injection in the lower part of the silo. The rate of application 
should be sufficient to compensate for limited losses at the 
coal valve and for absorption by the coal. Inerting can nor- 
mally be initiated within an 8-hour shift if a supply of carbon 
dioxide is available. 

Since carbon dioxide is stored as a liquid, it must be vapor- 
ized before injection into the silo. This is accomplished using 
an external, in-line vaporizer sized such that the anticipated 
application rate can be increased if the maximum anticipated 
leakage rate is exceeded. 

Normal inerting procedure involves starting the carbon 
dioxide flow at a pre-set volume from the flow control valve. 
The system pipe should be grounded to prevent a static spark 
potentially igniting a flammable vapor concentration. Initially, 
the carbon dioxide vapor should be injected into the space 
above the coal at the top of the silo to mitigate the potential of 
developing an explosive atmosphere. Once this inerting is 
established, the flow can be reduced and the primary flow 
directed into the bottom (while continuing trickle injection 
into the top) of the silo. Silo geometry is conducive to estab- 
lishing a chimney affect that will prevent the carbon dioxide 
from settling throughout the silo. Therefore it is necessary to 
add injection points near the bottom. 

Experience indicates that carbon dioxide inerting is con- 
sidered successful when the carbon dioxide concentration 
reaches 65 percent. However, the logistics of injecting carbon 
dioxide might result in almost 100 percent saturation 
throughout most of the silo in order to achieve at least 65 per- 
cent concentration in all portions of the silo. Since leakage in 
the silo is inevitable, it will be necessary to anticipate using a 
large quantity of carbon dioxide. Experience at one utility sug- 
gests that it is advisable to order a quantity of carbon dioxide 
equivalent to about 3 times the gross volume of the silo. If liq- 
uid carbon dioxide cylinders are used, an additional quantity 
will be necessary since only about 70 percent of the cylinder’s 
contents can be extracted as a vapor. 

The following is an example of calculating the quantity of 
carbon dioxide. If a silo is 30,000 ft? and low pressure carbon 
dioxide is used 


30, 000 f° x 3 (times the gross volume) = 90, 000 f° of carbon dioxide 


90, 000 fe of carbon dioxide 


8.3 ft /Ib of carbon dioxide 

The carbon dioxide storage system should be arranged so 

that it can be replenished during operation in the event that 

the fire is embedded, which could cause extinguishment to be 
delayed for a matter of days. 


= 10, 843 Ib (or about 5.5 tons) 
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When carbon dioxide is used, there is a risk of oxygen 
depletion in the area above, around, or below a silo, bin, or 
bunker. Areas where gas could collect and deplete oxygen 
should be identified with appropriate barriers and warning 
signs. This might include the tripper room and areas below 
the discharge feeder gate. 


Nitrogen has been used successfully to inert silo fires. It is 
applied in a manner very similar to carbon dioxide. A notable 
difference is that nitrogen has about the same density as air 
(whereas carbon dioxide is significantly more dense.) There- 
fore it must be applied at numerous injection points around 
the silo to ensure that it displaces available oxygen. This 
results in the need for more injection equipment and a larger 
quantity of agent. 


Emptying the Silo. The silo can be unloaded through the 
feeder pipe but it is a dirty, messy operation. It is necessary to 
bypass the feeder belt and to dump the coal onto the floor of 
the power house at the feeder elevation. A hose crew should 
be available to extinguish burning coal as it is discharged from 
the silo. There is a risk that dust raised during this activity can 
ignite explosively. High expansion foam can be applied. 


Carbon monoxide produced during the combustion pro- 
cess will also tend to settle in the lower elevation and can be a 
hazard to the hose crew. Once spilled and extinguished, it is 
usually necessary to shovel the coal into a dump truck for 
transport back to the coal pile. 


Manual Fire Fighting. Regardless of the type of suppression 
approach selected, prefire planning is an important element 
of successful fire control and extinguishment. All necessary 
resources should be identified and in place prior to beginning 
fire suppression activities. If necessary materials are not stock- 
piled onsite, suppliers should be contacted in advance to 
ensure that equipment and supplies are available on relatively 
short notice. 


The personnel requirements for this fire-fighting activity 
should be identified in advance. Personnel should be trained 
and qualified for fire fighting in the hot, smoky environment 
that might accompany a silo fire. This includes the use of self- 
contained breathing apparatus and personal protective equip- 
ment. Personnel engaged in this activity should be minimally 
trained and equipped to the structural fire brigade level as 
defined in NFPA 600, Standard on Industrial Fire Brigades. If sta- 
tion personnel are not trained in use of self-contained breath- 
ing apparatus, it will be necessary for the public fire 
department to perform fire-fighting in these areas. Station 
personnel are still needed to assist with operational advice and 
guidance. The public fire-fighting agency that responds to a 
fire at the facility should be involved in preplanning fire-fight- 
ing activities for silo fires. The public fire service might need 
specific instruction concerning operation and potential haz- 
ards associated with coal silo fires as well as operation in the 
power plant environment. It is important that the responding 
fire service be supplied information and guidance at every 
opportunity. 


The resources of the station and the local fire service need 
to work in concert, including working with control room 
operators and keeping them apprised of fire control opera- 
tions. Preplanning should include administrative details 
such as chain of command, access, etc. Operations should be 
coordinated by an established incident command system in 
conformance with NFPA 1561, Standard on Emergency Services 
Incident Management System. All personnel should be familiar 
with and practice this system prior to the event. 


A-5-4.3 Coal Dust Hazards. The hazard of any given coal dust is 
related to the ease of ignition and the severity of the ensuing 
explosion. The Bureau of Mines of the U.S. Department of 
Interior has developed an arbitrary scale, based on small scale 
tests, that is quite useful for measuring the potential explosion 
hazard of various coal dusts. The ignition sensitivity is a func- 
tion of the ignition temperature and the minimum energy of 
ignition, whereas the explosivity is based on data developed at 
the Bureau of Mines. The test results are based on a standard 
Pittsburgh coal dust taken at a concentration of 0.5 ounces per 
cubic foot. The Explosibility Index is the product of ignition 
sensitivity and explosion severity. This method permits evalua- 
tion of relative hazards of various coal dusts. 

When coal silos are operated with low inventory there is 
potential for suspended coal dust to enter the explosive range. 
As in spontaneous heating, the explosive range and potential 
for explosion are based on the above variables. 


A-5-4.3.2 Constructing enclosure hoods at transfer points can 
minimize the amount of dust released to surrounding areas, 
which can reduce the need for dust collection. 


A-5-6.2.3. Special detection systems currently used are: 


(1) Infrared detection systems to monitor rotor or stator sur- 
faces 
(2) Line-type detectors between intermediate and cold-end 
basket layers 
There has been limited fire experience with both systems 
to date. Low light television cameras mounted outside the air 
heater have a possible application in air heater fire detection. 


A-5-6.4.2. Temperature sensors alone may not be adequate to 
provide early warning of a fire in an electrostatic precipitator. 


A-5-6.5 Scrubber Fire Loss Experience. There have been at least 
three major fires involving scrubbers with plastic lining or plas- 
tic fill. They have the following factors in common: 


(1) Fire occurred during an outage 

(2) Fire was detected immediately 

(3) Fire was caused by cutting and welding 

(4) Rapid fire spread prevented access to the interior of the 
scrubber which made manual fire fighting ineffective 

The following are brief summaries of the losses reported to 
date: 

Fire No. 1. The scrubber was 36 ft (11 m) in diameter and 
139 ft (42 m) high. The scrubber contained two sections of 
polypropylene packing: one section was 4 ft (1.2 m) thick and 
one section was 3 ft (1 m) thick. The 3 ft (1 m) thick section 
was removed at the time of the fire. Both layers of packing 
extended across the full diameter of the tower. An outside 
contractor was making repairs on a turning vane at the top of 
the scrubber. A welding blanket had been placed over the top 
of the fill. Sparks from the welding operation fell through the 
wood work platform and ignited the polypropylene packing 
30 ft (9 m) below. The fire was detected immediately. Plant 
employees reacted rapidly and followed procedures estab- 
lished in advance. They actuated the demister spray nozzles, 
then closed access doors and the outlet damper to isolate the 
scrubber. Plant employees used 11/9 in. (3.8 cm) hose on the 
outside of the duct. The public fire department responded. 
Total fire duration was two minutes. Property damage was esti- 
mated at $5,000,000, the outage was 41 days. 

Fire No. 2. There were four scrubbers in one building. The 
scrubbers were 30 ft x 30 ft x 80 ft (9 m X 9m x 24 m) high. 
The scrubbers have an extensive amount of plastic packing 
and are lined. Maintenance was being performed on one of 
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the scrubbers. A crew planned to make repairs to the liner 
near the top of the scrubber. The repair work involved cutting 
and welding operations. Hot metal fell down inside the scrub- 
ber. A small fire was observed in the lower part of the scrubber 
which quickly spread and burned out the lining and packing. 
Fire burned through the expansion joint on the top of the 
scrubber and spread throughout the penthouse with damage 
to building structural steel in the area above the scrubber. 
Property damage was estimated at $7,000,000, the outage was 
about eight months. This was due to the need for the replace- 
ment of the shell. 

Fire No. 3. There were three absorber towers in one build- 
ing. The towers were 40 ft x 65 ft x 185 ft (12.1 m x 19.7 m x 
56 m) high. The scrubbers were lined with a rubber coating 
and had polypropylene mist eliminators. Workers were in the 
exhaust duct of one of the scrubbers attempting to seal small 
holes in the duct. Plastic sheeting was used to protect an 
expansion joint. Sparks from the welding operation ignited 
the plastic. Fire was detected immediately. Portable extin- 
guishers were used to fight the fire. The fire quickly spread to 
wood scaffolding. The plant fire brigade responded but could 
not enter the duct due to dense smoke. Fire spread to the 
polypropylene mist eliminator and the rubber lining in the 
scrubber. Heat from the fire vented into the building collaps- 
ing the roof. The scrubber was destroyed. Property damage 
was estimated at $42,000,000. The station was under construc- 
tion and its completion was delayed two years by the fire. 


A-5-7.3.6 On some turbine-generators employing the guard 
pipe principle, the guard piping arrangement terminates 
under the machine housing where feed and return piping run 
to pairs of bearings. Such locations are vulnerable to breakage 
with attendant release of oil in the event of excessive machine 
vibration and should be protected. 


A-5-7.4.1.1 To avoid water application to hot parts or other 
water sensitive areas and to provide adequate coverage, 
designs that incorporate items such as fusible element oper- 
ated directional spray nozzles may be necessary. 


A-5-7.4.1.3 If the lubricating oil reservoir is elevated, sprinkler 
protection should be extended to protect the area beneath 
the reservoir. 

If the lubricating oil reservoirs and handling equipment 
are located on the turbine operating floor and not enclosed in 
a separate fire area, then all areas subject to oil flow or oil accu- 
mulation should be protected by an automatic sprinkler or 
deluge system. 


A-5-7.4.2 Additional information concerning turbine-genera- 
tor fire protection can be found in EPRI Research Project 
1843-2 report, Turbine Generator Fire Protection by Sprinkler System, 
July 1985. 


A-5-7.4.2.1 Automatically actuated systems have proven to 
actuate properly under fire conditions and are not prone to 
spurious actuation. 


A-5-8.7 For information pertaining to fire protection guide- 
lines for substations, see ANSI/IEEE 979, Guide for Substation 
Five Protection. 


A-6-5.1.4 Diesel electric plants do not normally use large 
amounts of filter media and enclosure insulation. 


A-6-5.2.1 When a flameout occurs, fuel valves should close as 
rapidly as possible (preferably less than 1 second) to preclude 
the accumulation of unburned fuel in the combustion cham- 
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ber. Loss experience documents that fires or explosions have 
occurred in systems where the fuel isolation was not achieved 
within 3 seconds. 


A-6-5.2.2 Monitors for conditions (2) and (3) should have a 
lower alarm point to alert operators of deteriorating operating 
conditions. See ANSI B133.4, Gas Turbine Control and Protection 
Systems. 


A-6-5.3.3, Diesel engines do not normally have any hydraulic 
systems. 


A-6-5.6.3 The type of generator used with diesel engines is 
normally provided with an open drip proof enclosure. Shield- 
ing might be appropriate with water system, 1.e., sprinklers or 
deluge. 


A-6-5.7 Large diesels are started with compressed air from an 
air receiver and do not require starting the engine. 


A-7-3.3.4 The traffic pattern should minimize any require- 
ment for storage of the MSW in tightly enclosed containers, 
such as trailers, to minimize the occurrence of spontaneous 
combustion of the fuel. 


A-7-3.4.1 Based on plant geometry, combustible loading, and 
staff size, a 250-gpm (946-L/min) monitor nozzle may be 
needed in lieu of or in conjunction with hoses. 


A-7-3.4.2_ Conveyors can be considered protected by overhead 
building protection if not enclosed or hooded. 


A-7-3.4.4 The above requirements are based on storage 
heights not exceeding 20 ft (6.1 m). 


A-7-3.5 Rotary shears utilizing manual or selective feeding 
demonstrate less of a hazard than hammermills and flailmills 
due to elimination of hazardous wastes by the operator during 
the feeding process. 


A-7-4.2.3.3 An example of the postulated worst credible case 
explosion might be an acetylene tank. Explosions involving 
detonable material are beyond the scope of this document. 


A-7-4.2.4.2 For personnel safety considerations, see NFPA 
8505, Standard for Stoker Operation, for further guidance. 


A-7-4.3.5 The traffic pattern should minimize any require- 
ment for storage of the MSW or RDF in tightly enclosed con- 
tainers, such as trailers, to minimize the occurrence of 
spontaneous combustion of the fuel. 


A-7-4.4.1 Based on plant geometry, combustible loading, and 
staff size, a 250-gpm (946 L/min) monitor nozzle may be 
needed in lieu of or in conjunction with hoses. 


A-7-4.4.3. Experience has shown that shredder discharge con- 
veyors are particularly susceptible to high fire frequencies. 
Consideration should be given to the use of water spray sys- 
tems in conjunction with spark detection in these cases. Con- 
veyors other than shredder discharge can be considered 
protected by overhead building protection, if not enclosed or 
hooded. 


A-7-4.4.4 Where a facility has a rigidly enforced operating 
sequence and satisfies itself and the authority having jurisdic- 
tion that the operating practices and the judgment of the 
plant operators provide acceptable protection, this interlock 
with the fire protection system may be permitted to be pro- 
vided through operator action in accordance with operating 
procedures. 
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A-7-4.4.7 The above requirements are based on storage 
heights not exceeding 20 ft (6.1 m). 


A-7-4.4.8 Due to the large quantity of platforms, equipment, 
and walkways, care should be taken to include coverage under 
all obstructions greater than 4 ft (1.2 m) wide. 


A-7-5.2.6 For personnel safety considerations, see NFPA 8505, 
Standard for Stoker Operation, for further guidance. 


A-7-5.4.2 Based on plant geometry, combustible loading, and 
staff size, a 250-gpm (946 L/min) monitor nozzle may be 
needed in lieu of or in conjunction with hoses. 


A-7-5.4.3 Conveyors can be considered protected by overhead 
sprinklers if not enclosed or hooded. 


A-7-5.4.4 Biomass fuels exhibit a wide range of burning char- 
acteristics and upon evaluation can require increased levels of 
protection. 


A-7-6.1.1 In general, rubber tires have a Btu content of 15,000 
Btu/Ib; roughly two to three times that of wood or RDF. 


A-7-6.2.3 For additional guidance on cranes and storage pits, 
refer to 7-4.2. 


A-7-6.3.3 For additional guidance, see Appendix C of NFPA 
231D, Standard for Storage of Rubber Tires. 


A-7-6.4.2 Hose stations are considered essential for final fire 
control and extinguishment. Addition of foam to hose streams 
should be considered. 


Plant geometry, combustible loading, and staffing may 
indicate that the use of 250 gpm monitor nozzles, in lieu of or 
in conjunction with hoses is acceptable. 


A-7-6.4.4 Experience indicates that sprinkler systems may not 
be effective and that foam-water spray systems are preferred 
for fire control. These systems are intended to confine the fire, 
and manual fire fighting may be required. Guidance should 
be sought from individuals having specialized experience for 
the selection of foam and foam application devices. 


A-7-6.4.6 Addition of foam to the monitor nozzles should be 
considered. 


A-8-3.2.1 If the Relay, SCADA, or RTU equipment is located 
in the main control room, fire partition barriers are not 
required for this equipment. 


A-8-3.3.4 Control room operator fire emergency training 
should include, but not be limited to, the following: 


(1) Station emergency grounding procedures 

(2) Valve hall clearance procedures 

(3) Electrical equipment isolation 

(4) Timely communication of all fire events to the respond- 


ing fire brigade and the fire department 


A-9-8.1 Mobile fire-fighting equipment can be utilized to pro- 
vide necessary first aid fire-fighting equipment. 


Appendix B_ Sample Fire Report 


This appendix is not a part of the recommendations of this NFPA 
document but is included for informational purposes only. 


B-1 Figure B-1 is one example of a typical fire report to be 
used by the fire brigade after an incident. 


Appendix C_ Fire Tests 


This appendix is not a part of the recommendations of this NFPA 
document but is included for informational purposes only. 


NOTE: Footnotes refer to reference list numbers at end of 
Appendix C. 


C-1 This appendix summarizes the results of fire tests in 
which automatic sprinklers or water spray systems were used to 
extinguish or control fires in oil and grouped cables. Also in- 
cluded in this Appendix are results of tests conducted on fiber- 
glass stack liners. 


C-2 Combustible Oil Fire Tests. 


C-2.1 General. Oils (except for crude oil) handled in bulk in 
power stations are limited to combustible liquids that lend 
themselves to control and extinguishment by water-type pro- 
tective systems. 


In order to ensure satisfactory results on such fires, the sys- 
tem design should take into account the physical nature of the 
expected fire, which will take one or more of three forms: a 
pressure jet or spray, a three-dimensional rundown of burning 
fuel over equipment and structures, or a spill or pool of fuel. 


Fire experience with liquid fires in power stations confirms 
that a fire frequently displays multiple characteristics. A tur- 
bine-generator fire frequently originates as a spray fire at a 
bearing with burning oil running down to lower levels of the 
station where a spill or pool fire results. Similarly, a leak at an 
oil-fired boiler produces a spray fire with burning oil running 
down the boiler wall to a lower floor. A hydraulic oil leak on a 
fan drive likewise combines spray fire and spill fire character- 
istics. 


A protective system is expected to control or extinguish a 
liquid fire, as well as provide exposure protection for the struc- 
ture and equipment in the vicinity of the fire. The oil fire tests 
summarized in the following section indicate that complete 
extinguishment of pressure jet or spray fires can be difficult to 
achieve at any practical application density. The tests also 
show that spill or pool fires can be controlled, and equipment 
and structures in the general area protected, with area sprin- 
kler protection operating at moderate densities [0.15 gpm/ 
ft?-0.20 gpm/ft® (6.1 mm/min-8.1 mm/min)]. Where the 
probable location of spray fires can be identified (e.g., 
exposed pipe runs without guard pipe or specific items of 
equipment), high velocity directional spray nozzles of open or 
fused type operating at applied densities of approximately 
0.25 gpm/ft? (10.2 mm/min) can radically limit the damage 
area resulting from a jet or spray fire. 


The design specifics for water protective systems should be 
covered by the fire risk evaluation based on the conditions 
existing in a particular plant. 
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FIGURE B-1 Sample fire report. 


Sample Fire Report 


Name of company: 


Date of fire: Time of fire: Operating facility: 


Under construction: 


Plant or location where fire occurred: 


Description of facility, fire area, or equipment (include nameplate rating) involved: 


Cause of fire, such as probable ignition source, initial contributing fuel, equipment failure causing ignition, etc.: 


Story of fire, events, and conditions preceding, during, and after the fire: 


Types and approximate quantities of portable extinguishing equipment used: 


Was fire extinguished with portable equipment only? ___________ Public fire department called? 


Employee fire brigade at this location? __________ Qualified for incipient fires? 


For interior structural fires? 


Was fixed fire extinguishing equipment installed? 


Type of fixed extinguishing system: 


Automatic operation: ____________ , manually actuated: ___________, or both: 


Specific type of detection devices: 


Did fixed extinguishing system control? _________ and/or extinguish fire? 


Did detection devices and extinguishing system function properly? 


If no, why not? 


Estimated direct damage due to fire: $ __________ , or between $ and $ 


Estimated additional (consequential) loss: § ___________ Nature of additional loss: 


Estimated time to complete repairs/replacement of damaged equipment/structure: 


Number of persons injured: _____________ Number of fatalities: 


What corrective or preventive suggestions would you offer to other utilities who might have similar equipment, structures, or 


extinguishing systems? 


Submitted by: Title: 
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C-2.2 Tests. Limited fire testing has been conducted to 
develop design criteria for fire suppression systems for lubri- 
cating oil fires. The first series of tests were conducted by the 
Factory Mutual Research Corporation in 1957 under the spon- 
sorship of the U.S. Atomic Energy Commission.[1] These tests 
included large spill fires [up to 2100 ft? (195 m?)], with ceiling 
heights similar to those found in turbine building lower eleva- 
tions [33 ft (10 m)]. The tests showed that oil spill fires could 
be extinguished and structural damage held to a minimum 
with automatic sprinklers at ceiling level delivering a dis- 
charge density as low as 0.13 gpm/ft? (5.3 mm/min). Also 
included in these tests was one oil spray fire test. This test 
showed that ceiling level sprinklers were unsuccessful at extin- 
guishing the spray fire even with discharge densities up to 0.36 
gpm/ft* (14.7 mm/min). It further showed that damage 
caused by direct impingement of an oil spray fire on a struc- 
tural column might not be prevented by ceiling sprinkler pro- 
tection at a 0.36 gpm/ft? (14.7 mm/min) density. 


These pool fire tests involved a !/, in. (6.35 mm) deep pool 
of oil but with normal building ventilation. 


A later series of tests conducted in Finland in 1979 by a 
committee of insurance companies and utility companies 
showed similar results.[2] These tests on oil spray and pool 
fires indicated the difficulty of extinguishing oil spray fires. 
Densities of up to 0.66 gpm/ft? (26.89 mm/min) from auto- 
matic sprinklers 10 ft (3.05 m) overhead were unable to extin- 
guish the spray fire. Water spray systems using high velocity 
and medium velocity spray nozzles were also tested on spray 
fires using densities up to 1.0 gpm/ft? (40.7 mm/min). These 
tests showed the importance of nozzle placement in covering 
the entire oil spray to suppress a spray fire. Since the location 
and direction of an oil leak that could result in a spray fire is 
not readily predictable, the emphasis of water spray system 
design must be on area cooling to minimize fire damage 
rather than extinguishment of the spray fire. Tests showed 
that a density of 0.3 gpm/ft? (12.2 mm/min) provided ade- 
quate cooling. 


The Finnish tests also included pool fires in a collection 
pan of approximately 130 ft?, 1 ft deep (12.08 m?, 0.30 m). 
These tests showed that even distribution of 0.18 gpm/ft? (7.3 
mm/min) could extinguish an oil pool fire. 


The difference in densities for oil pool fires between the 
two test series might be the result of test conditions. The Finn- 
ish test series involved a 12 in. (30.48 cm) deep pool of oil with 
ventilation rates of 75,000 cfm to enable filming of the test. 


C-3 Fire-Resistant Fluid. 


C-3.1 General. In the United States, less flammable hydraulic 
fluids have been used in the control oil systems of larger tur- 
bines for a number of years. In the countries that formerly 
comprised the U.S.S.R., these fluids are used for both the con- 
trol and lubrication oil systems of steam turbines. Loss experi- 
ence where this information is available (U.S.) has been good. 
Incidents involving less hazardous hydraulic fluids have 
resulted in relatively minor fires causing little damage. In one 
instance a utility indicated that a 1 in. (2.5 cm) diameter leak 
occurred in a control oil system with fluid sprayed onto a 
1000°F (538°C) surface. A small fire resulted that was easily 
extinguished with a light water spray. Operators were able to 
isolate the line with no property damage and a 1-hour delay in 
startup. Plant personnel estimated that if mineral oil was 
involved under the same conditions, a severe fire would have 
occurred with no possibility of the operators accessing the 


area to isolate the leak, which would have resulted in major 
fire damage and an extended outage. 


C-3.2 Tests. One of the listing organizations for less flamma- 
ble fluids conducts the following two tests to qualify less flam- 
mable hydraulic fluids for listing. In both tests, the fluid is 
heated to 140°F (60°C) and discharged through an oil burner 
type, 80 degree hollow cone spray nozzle at 1000 psi (6.7 
MPa). The tests are as follows: 


(a) Hot Surface Ignition Test. The fluid is sprayed onto a 
steel channel heated to 1300°F (704°C). The spray is directed 
onto the heated surface for 60 seconds from a distance of 6 in. 
(15.2 cm). Ifignition occurs, the spray pattern is directed away 
from the hot surface to an open area. Local burning on the 
channel is acceptable. It is not acceptable if flame follows the 
spray pattern to the open area. 


(b) Flame Propagation Test. A propane torch is used to ignite 
the spray 6 in. (15.2 cm) and at 18 in. (44.7 cm) from the noz- 
zle. Ten tests are conducted at each location with the torch 
flame moved through the spray pattern. It is not acceptable if 
the spray burns longer than five seconds after the torch is 
removed from the spray pattern in any of the 20 tests. 


C-4 Grouped Cable Fire Tests. 


C-4.1 General. The fire hazard presented by grouped cables 
depends on the number of trays in a given area, arrangement 
of trays (vertical vs. horizontal), type of cable used, arrange- 
ment of cable in the tray, and the type of tray (ladder vs. solid 
bottom). The tests indicated that water could penetrate 
densely packed ladder cable trays arranged six trays high, and 
although fire propagation could be limited in the horizontal 
direction, it would probably involve the entire array in the ver- 
tical direction. A 0.30 gpm/ft? (12.2 mm/min) design density 
from ceiling sprinklers was effective. However, lower densities 
were not tried on full-scale tests. 


C-4.2 Tests. Three fire test programs have been carried out 
using water to extinguish grouped cable fires. All tests 
involved polyethylene insulated, PVC jacketed cable in ladder- 
type cable trays. The first series of tests was carried out by a 
group of insurance companies in Finland in 1975.[3] The tests 
involved protection of cables in a 61/4 ft x 61/9 ft x 65 ft (1.98 
m X 1.98 m xX 19.82 m) long enclosure similar to a cable tun- 
nel. Six cable trays were located along each side of the tunnel. 

Protection consisted of 135°F (57.2°C) rated sprinklers 
spaced 13 ft? (4 m) apart at ceiling level. A 0.40 gpm/ft? (16.3 
mm/min) density was used for the sprinkler system. The tests 
showed the ability of a sprinkler system to prevent horizontal 
fire spread in the group of six trays where the fire started and 
to protect cables on the opposite wall of the tunnel. 

The second series of tests was carried out by the Central 
Electricity Generating Board of the United Kingdom in 
1978.[4] The purpose was to compare the effectiveness of a 
deluge system activated by heat detection wire with a fusible 
link actuated automatic sprinkler system. 

Cable trays were arranged six trays high and two trays wide 
(12 trays). The water spray system was activated by a 160°F 
(71.1°C) rated heat detector wire. The wire was installed 9 in. 
(22.86 cm) above each cable tray and along the center of the 
bottom tray. Spray nozzles were positioned at 10-ft (3.05-m) 
intervals at ceiling level in the aisle between cable tray arrays. 
The automatic sprinkler system was located directly above the 
cable tray array with sprinkler heads spaced 10 ft (3.05 m) 
apart. 
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This test series showed that both protection systems could 
control a fire involving grouped cable. The water spray system 
responded faster with less fire damage to cable. The water 
spray system limited damage to cables in one or two trays. The 
sprinkler system limited damage to six to nine trays. 


The third test program was conducted by the Factory 
Mutual Research Corporation under the sponsorship of the 
Electric Power Research Institute. [5] 


One phase of the tests studied the ability of a ceiling sprin- 
kler system to control a fire in a cable tray array. Cable trays 
were arranged six trays high and two trays wide with a number 
of vertical cable trays in the space between. The test was car- 
ried out in a room 40 ft x 40 ft x 20 ft (12.20 m x 12.20 m x 
6.10 m) high. Protection consisted of 160°F (71.1°C) rated 
sprinklers on 10 ft x 10 ft (3.05 m x 3.05 m) spacing at ceiling 
level. A 0.30 gpm/ft? (12.2 mm/min) density was used. Ioniza- 
tion detectors were provided at ceiling level. 


Where sprinklers actuated, from one to three sprinklers 
opened to control the fire. Fire propagated the entire height 
of vertical trays but could be contained within the 8 ft (2.44 m) 
length of most of the horizontal trays. Cable was damaged in 
most of the trays. Ionization detectors responded within 21 to 
25 seconds. 


C-5 Stack Liner Fire Tests. 


C-5.1 General. Tests were conducted on four fire-retardant 
fiberglass-reinforced plastic liners by Factory Mutual Research 
Corporation.[6] The liners were 3 ft (0.91 m) in diameter and 
30 ft (9.15 m) long. They were suspended vertically above a 10 
ft? (0.93 m) pan containing 3 in. (7.62 cm) of heptane. The 
liners were exposed to this ignition source for 21/5 minutes, at 
which time the pan was removed. 


C-5.2 Tests. Results were similar with all four materials 
tested. There was an initial moderate temperature rise due to 
the heat input from the heptane fire, a leveling off of temper- 
ature prior to involvement of the plastic, then a very rapid tem- 
perature increase caused by heat contribution from the 
burning liner, another leveling off during a period of active 
liner burning, then a decrease in temperature coincident with 
removal of the exposure fire. From a review of the test data, it 
appeared that once burning of the liner started, fire spread 
over the surface was almost instantaneous. Temperatures at 
different elevations in the liner interior reached 1000°F 
(537.8°C) almost simultaneously in each test. 
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Appendix D Emergency Shutdown 


This appendix is not a part of the recommendations of this NFPA 
document but is included for informational purposes only. 


D-1 The following appendix describes fire experience that 
has occurred over the last several years where lubricating oil 
supply was shut down more rapidly than normal, either in- 
tentionally or accidentally. Lubricating oil was shut off at 0 
rpm for fire No. 1, at 1000 rpm for fire No. 2, from 1000 rpm 
to 1400 rpm for fire No. 3, and in excess of 3000 rpm for fire 
No. 4. 

No. 1. In August 1989, a 640 MW(e) five casing, double 
reheat machine with inlet steam pressure at a gauge pressure 
of 3675 psi (25,339 kPa) and 1000°F (537.8°C) was operating 
normally when a fire was discovered near the main lube oil 
tank. Unsuccessful attempts were made to manually fight the 
fire when control cable burned through and control and 
throttle valves started to close. At six minutes, the ac lube oil 
pump started. The operator sent an assistant to vent hydrogen 
from the generator and purge with carbon dioxide. A valve 
was then manually operated to break condenser vacuum. This 
action resulted in reducing the coast-down time to 30 minutes 
from 45 minutes to 60 minutes. When the shaft stopped rotat- 
ing, the operator took the unit off turning gear and shut down 
the ac and emergency dc oil pumps. The fire department and 
plant fire brigade quickly controlled the fire with one 21/9 in. 
(6.4 cm) and one 1!/, in. (3.8 cm) hose stream. 

There was no damage to the bearings as a result of the shut- 
down. A runout check indicated that measured clearances 
were well within tolerance. Steel beams supporting the operat- 
ing floor sagged from 2 in. (5 cm) to 3 in. (7.6 cm) over a 1500 
ft? (138 m?) area in front of the front standard. Cable, in trays 
near the fire area, was damaged. The action taken by the oper- 
ator resulted in substantially reduced damage to the turbine 
and the building and was credited with substantially reducing 
the length of time the turbine was out of service. The turbine 
was put back on turning gear about 26 days after the fire. The 
operating floor could be reinforced, and the unit operated 
until the next scheduled outage. 

No. 2. In July 1987, a 35 MW(e) single flow, double auto- 
matic extraction, condensing machine with inlet steam pres- 
sure at a gauge pressure of 1250 psi (8618 kPa) and 900°F 
(482°C) was operating normally while millwrights attempted 
to clean the oil cooler tubes on one of the two oil coolers. Dur- 
ing the cleaning process one of the tubes dropped out of the 
tube sheet and oil was ejected vertically at about 40 psi (275.8 
kPa) through a°/g in. (1.6 cm) opening in the tube sheet. The 
oil spray ignited off a steam stop valve overhead. Approxi- 
mately 20 ceiling sprinklers and 16 spray nozzles directly 
below the operating floor opened. Oil mist and droplets 
passed up through a 6 in. (15.2 cm) wide opening between the 
operating floor and the wall and burned above the operating 
floor. Approximately 15 minutes into the fire, fearing building 
collapse, the ac driven lubricating oil pumps were shut off. 
The fire intensity decreased noticeably. Approximately 15 
minutes later (30 minutes into the fire) the dc pump was shut 
down with the turbine turning at approximately 1000 rpm. 
The oil fire was quickly extinguished. 

The main shaft bearings were wiped, and the thrust bear- 
ing was destroyed. There were indications of minor rubbing at 
the high pressure end, and hangars for the main steam stop 
valve were cracked. There was little evidence of high tempera- 
tures in the basement area, due to the effect of the automatic 
sprinkler protection. However, there was a large amount of 
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deformed structural steel above the operating floor, on the 
wall, and at roof level. 


No. 3. In January 1989, a 12.5 MW(e) condensing, double 
automatic extraction turbine with inlet steam pressure at a 
gauge pressure of 475 psig (3275 kPa) and 750°F (400°C) was 
operating normally when maintenance personnel discovered 
a drip-sized leak at an elbow on the control oil piping. Control 
room personnel were notified, and since they had difficulty 
reducing load, they tripped the unit by opening the breaker. 
A fire started in the vicinity of the hydraulic cylinder. There 
was no fixed protection provided, and personnel attempted to 
fight the fire with hand extinguishers and hose streams with- 
out success. Two minutes after the fire started, with the 
machine turning at between 1100 rpm and 1400 rpm, the 
operator was ordered to stop the main and emergency oil 
pumps. Approximately 150 gal (568 L) of oil were lost before 
pumps were stopped. The fire department responded four 
minutes after the fire started and using one 2!/9 in. (6.4 cm) 
and two 1°/, in. (4.4 cm) hose lines brought the fire under 
control 23 minutes after it started. 


There was damage to turbine bearings, and the shaft ends 
were scored. In addition all control wiring under the turbine 
shroud was burned, and there was damage to gauges, indica- 
tors, and controls mounted in the turbine shroud. Structural 
steel was warped at the roof of the building. Repairs to the tur- 
bogenerator were estimated at two to three weeks. 


No. 4. In February 1988, two 660 MW(e) units were operat- 
ing at 550 and 530 MW(e), respectively. The units were end to 
end. Power and control cable for the lube oil pump motors for 
both machines were located above a control valve servomotor 
enclosure for one of the units. Piping to the enclosure was 
guarded and contained control oil at a gauge pressure of 250 
psi (1724 kPa). A leak occurred in the control oil piping 
within the guard pipe. The turbine tripped automatically. Oil 
flooded the guard pipe and backed up into the servomotor 
enclosure igniting in the vicinity of the main steam stop valves. 
The fire damaged power and control cable for both machines 
shutting down ac and dc oil pumps for both units. Both 
machines were rotating in excess of 3000 rpm at the time lube 
oil was lost. 


Extensive repairs were needed to mill bearing surfaces and 
to straighten and balance the shafts on both units. One 
machine was out of service for approximately three months, 
the other for five months. 
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Waterflow inc aie ase Ok Pele tea tice ek Ye na Bi aoe ek ed 9-4.4.2 
LETO SPECO eso ava FO See VOTES Deeley Sy FOZ 8 
Alarm: systems: £..).2¢.064 so4.54.: $64 $4.4 ge40d4 oo 4944 bed bes 46.3.4 
Coal dust hoppers... 1.06... ee eee ees B4,3.4(4) 
TMiesel: engines? )h.5 Gi ohh tA Tek Chg odes ood deeheaa 6-5.3.2 
Flue gas plants ........................5-6.2.3, 5-6.3.5, 5-6.4.2 
Fuel Oil plants: gasses sy Sees ocealdien bs Sal Sib opeun bin pone ae He POD 
Hydrogen systems........ 00... cee eee eee eee eee F716 
Regenerative heaters ........ 0.00.0 cece eee eee 56.2.8 
Alternative fuels; x30 iis gate ds ented gee dd vara ieies ai Chap. 7 
Biomiass fiiels..:0:5 o3 8 deck Deg Cad vaste das Med eek elas 7-5 
DCF TUN OD 05d ok Sag Rios SM aged Ss as hawk, Sys aged Sopa id, Sa ga 1-4.1 
Mass btn fUElS:.. 3 5 o esata ee ae Soe wala ie ia arena ale ann 7-3 
Refuse derived fuels (RDF) ............0 0.00 cece e eee 7-4 
Rubber tires ................. 7-6, A-7-6.1.1, A-7-6.2.3, A-7-6.3.3 
Application of standard .............. 0.0 c ccc cece 1-3 
Approved (definition) ..................0 200200005. 1-4.2, A-1-4 
Authority having jurisdiction (definition).............. 1-4.3, A-1-4 
Auxiliary equipment... 6.0.0... DY 
-B- 
Barriers’ <6 <0 0 ata ed koe ia aiteao ee ke see Fire barriers 
Battery rooms .... 1.0... eens 5-8.5 
Bins; coals: 20d hades $A ge cha 8 5-4.2, A-5-4.2.3 to A-5-4.2.6 
Biomass fuels 35.2055. ds 8 oi Che SEN oA EON RAS UES OR 7-5 
GONVEVOIS 5 6.05135 Med aie les lenis een dia Mamaia eae 7-5.4.3 
DOPOD riesgo Sadao Sees Sasa tas Naw ites lyst hob ales lable erdaetes 1-4.5 
Boiler feed equipment 
Biomass MWeEls ssi sya oo ges ee Toa a eats 7-5.2.5 
Mass burn fuels... 2.2.00... eee cee eee 7-3.2.6 
Refuse derived fuels (RDF) ................... 7-4.2.4, 7-4.4.10 
Rubber tires .. 0.0.0.0... cece cece ences 7-6.2.2, 7-6.4.8 
SEAM EGENELALONS: grins: cia 3: Baers. cd, srateans, Sands hana tidsiatnans, died baat ted 4, DPD 
Boilers;;auxiliarys 9.3.63 ses al ea eA a A tn 5-9.6 
Building construction materials .........: see Construction materials 
Bunkers, coal.................0000005 5-4.2, A-5-4.2.3 to A-5-4.2.6 
-C- 
Cable spreading rooms and tunnels ............... 3-5.1.3.3, 5-8.2 
Cable trays i. saig crak aes SARs Te eR NS 2-4.7.3, 5-8.3, C-3.2 
Cables 
Grouped electrical :<... si coe ie oe Betas D2O5Oy Gt 
Lube oil pumps. ......... 00.0. 573.8 
Coal 
Conveying and handling structures ....... 3-3.2(5), 5-4.5, 5-4.6.1 
Conveyors ... 6... eee ee eee eee B44, 54.6.2 to 5-4.6.4 
Drang CLO fees shal otes ecco Soe ck dacs oh pet bev es aid tote Sh hk orca 3-6.3 
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Dust suppression and control............ 2-4,7.5.2, 5-4.3, A-5-4.3 
Fin€ prove Chon... chy soe ss dae Dee eae Pes Waele tw eee tts BO 
Puilverizers! 3 6. Goes sae hh eae nad fe aad awed 2-4.7.6 
Spontaneous heating..................5-4.1.1, 5-4.2.3, A-5-4.2.1 
Storage .............. 2-4.7.5, 5-4.1 to 5-4.2, A-5-4.2.2 to A-5-4.2.6 
Combustible 
Denil Oni. 2005 ioc hed AA ides detuned ad Gidsed ont as 1-4.6 
LAnited A ENIMNUON cs Jal 35S: 2:86 Re Se Si ae Gada Peale ge 1-4.23 
LAGU dS. ood 4-3 bed i OE ek BS aad tas aig a asad aS 6-5.3.1 
Detinitiony <3) 5 250 se eae pee kines ME wegen ee Moe 1-4.7 
Combustion turbines... .............0 0.0.00 c eee eee Chap. 6 
Combined cycle units ......... 0.0.00. c eee eee ee eee 6-7 
Design considerations... 2.0... 66.6 eee ee 6-3 
Electrical equipment... 2... 6... eee eee 6-6 
EXtérnalfi fess. 25 nod os Ret ots dle sian stk at Mabon ss teas ae) 6-5.3 
Fine: proteCuon si) cy Sead Ba Beets ns POS a thay Pi 6-4, 6-5.4 
GEMETATO TS eee iy se eek ote aadebea es Odes aye aseadubealelas doe 6-5, A-6-5.1.4 
Internal fitesis%.5. 3% ted 3 tut Gta te ot a ES ote tee ae 6-5.2 
Lubricating oil fires. ... 0... occ eee 2-4.6 
Starting equipMenttivaceio sa coeag boo Eke kad PPA ds 6-5.7 
Unattended facilities. 0.06300 c20 ead ba Said Sat 6-4 
Communication rooms ...................22.+++-3°5.1.3.3, 5-8.1 
Computer rooms ...............0..02000002+0++.3-5.1.3.3, 5-8.1 
Construction materials .................... 3-4, 9-4.4.1, 9-4.6, 9-6 
Construction sites ... 0... 0.6... eee eee Chap. 9 
AGMIN SHCA ON coicstaca tse ash Boa sty ahey SoBe 9 sao Os Goa ey SR see ag rd hee 9-2 
Fire-fighting equipment, manual................... 9-8, A-9-8.1 
Teay-down;:ateasins.) she cath ake det ded de, edged 9-5 
Materials; temporary’: oc4 Joscenss fas tae Oa Paw eas ead on Paws 9-6 
Mobile buildings ................ 0.00 eee eee eee eee eee 9-4.7 
Site clearing i seetie sis PA Re FL as Ee Ros es Moke 9-3.1 
Underground mains, hydrants, and water supplies .......... 9-7 
Warehouses, shops, and offices... 0.00.06. 06sec eee eee 9-4 
Control rooms .............0. 0000 cee eee eee ee)  FD13.3, 5-81 
Conveyors 
Biomass fuels ........000 000 cc cece eee ee 7-5.4.3, A-7-5.4.3 
GOal cist k ee Mette eat ad tee eked teases 5-4.4, 5-4.6.2 to 5-4.6.4 
LAiMeStON EG .5-5 slogeot air Gh ee ae ans ROTA a earn ce eels 5-6.5.4 
Municipal solid waste (MSW) .. 7-3.4.2, 7-4.4.3, A-7-3.4.2, A-7-4.4.3 
Refuse derived fuels (RDF)............ 7-4.4.3, 7-4.4.10, A-7-4.4.3 
Gooling towers 0.05.60. 56 tidied wats No deel ss Meets wielsie ge eed BO. 
Cranes, overhead...................005. 7-3.2.5, 7-6.2.3, A-7-6.2.3 
-D- 
Dampers 
Combustion turbines and diesel engines............... 6-5.4.3.2 
Firei22 tans Rae St Dh hating ele PEAR OeS 3-2.2.2, 3-5.2.4, 8-3.2.4 
Scrubber... 0.0... cece cece ee eee eee es 5-6.5.3.2(d) 
Smoke. .....................3-5.1.3.2, 3-5.1.3.5, 3-5.2.5, 8-3.2.4 
Definitions, 3ié Sars Chih cGy crate oe teas PSS eee he os 1-4, A-1-4 
Desi gin ie ie ued eaters, eh oa Rad meg tea gee see Plant design 
Detection systems. ...........-.-0 0000-0 e eee see also Detectors 
Carbon monoxide............0.00 00 eee 5-4.2.4, 5-4.2.7, 5-5.2.2 


INDEX 850-47 
Coal dust hoppers. ........... 0006 c cece ee eee ee BA43.4(4) Safety considerations. .o.2q0 ie. e niet en ee ae ee wae hes 4-6.3 
CONStEUCTION SITES, oe dae ad ee hs Ha aa Hae ee 9-2.7 
Hires gia t heen 4 ee on eke ee Bs 4-7.1, 5-6.5.4, 5-8.2.2, 8-3.4.4 -F- 
Heat................. 54.2.4, 5-4.6.4, 5-6.3.5, 7-4.4.12, A-5-4.2.3 Fabric: filters:.2 5 oiais-5 5 sin. eat oo Sante Sie eR a Ry epee OOD 
Smoke .... 00... eee eect eee eee es DB.1.2, 5-8.4, 66.3 Fans 
Special, regenerative air heaters .............. .5-6.2.3, A-5-6.2.3 Dust collection... 6.6.6... eee e eee eee ee 5-4.3.4, 5-4.6.2.5 
Detectors................5 see also Monitors; Sensors, temperature Flue gas... see eee ett eee 561 
Combustible gas... 6.0... ccc cece nents 6-5.3.4 Filters, inlet air... 06.0... eee 6-5.5 
Fa ee st eee Fete ant Wd gi I Pe Ea a 47.9 Fire alarms ... 0.0.0.0... 0c eee ccc es evceed see Alarm devices, Fire 
Flame 6-5.2.1, 7-44.12, A-6-5.2.1 Fire area, determination of....................4. 3-2.1, A-3-2.1.3 
Ce eee) aaa eat Be heaton nae i fers... eee ee QA, 3-241, 3-2.4.3 to 3-2.4.5 
Diesel electrical generators .. . .6-5.4, 6-5.6.3, 6-5.7, A-6-5.6.3, A-6.5.7 es sce a oa eo es en 
Diesel engines ....... 6-26-61 eee eee eee eee 6-5.3 GOnSHUCHON? 0.85 bors cod ened sds deed. ode add we adededes eed aba teaeh 9-2.8 
Doots, fire ces paiod si 8s Aa GAD eg atiwiadde anos pad ek see Fire doors DSA ee eee ne eae Ee An nies aoe on 1-44 
Draimage .. 1.26... ee ee 36, AB 6.2 Openings in cee ae cs Sars est Nene yb anita ta tats a cee caret PU caine tlle 38 3-29 
Flue gas plants........... 0.0.0... e eee eee eee 5-6.2.7, 5-6.4.3 Seacks 56.6.2 
HVDC converter stations ........... 0000 c cece eee 8-3.2.6 sans ; _ eis Oat Pe Ce gS eg oa - ‘ 50 
We brigades’ & 6 se. 6 4 edt oi eis agente eiesaiahe wid aeac a wee ole -4.5, A-2-8. 
Steam generator plants ...... 0.0... cece cee ee ee BBB eearenn A-5-4,2.6 
Dry chemical extinguishing systems ......................5-3.9.1 Fuel oil plants 5.3.9.9 
Ducts, exhaust) 2450.5. 304084 ose h eh es Sse d ehagd eoeis B62 Te aS ee Saye = eee a es ‘ 
if HVDC converter stations. ........0..00 00 cece eee eee 8-3.4.6 
Dust, coal.............. 0.20000. 2-4.7.5.2, 5-4.3, A-5-4.3, A-5-4.3.2 asee 
Die colicelorgn hese cree cet rs he BABS O SAGE BES Unattended facilities. ...... 0.0... cece eee eee eee 6-4.1, oF 
Fire dampers 3. )-j¢5 sj. ce0 ¢gees oan ya he yeti sO see Dampers, Fire 
-E- Fire departments, coordination with .. . 6-4.1, 6-4.5, 8-3.4.6, A-5-4.2.6 
iene . 5-8 Fire doors... 2.00.0... cece cece eee es  B2.2.2, 3-5.2.4, 9-2.8 
pens ee Spot ee hee ceday Velen eres eyy er eels 5 4 a6 Fire emergency plan... ... 0.2.0.0... 0060 e eee eee 2-4.4, A-2-4.4 
Dee apy tee Ce Cae Re tec pia pee Widnes Wen te noes Sick Fire fighting equipment, manual ...... . . .5-6.3.7, 6-5.5.2, 9-8, A-9-8.1 
Soec austen turbine plants... 11... 6... eee eee eee ee 6-6 Fire fighting strategies, coal silos ................5-4.2.6, A-5-4.2.6 
Fuel handling areas ... 1... 0.660 e eee eee eee eens 5-2.3 Fire loading (definition) ............00 000.0 e eee e eee e eens 1-4.8 
Hydrogen handling equipment........................5-7.1.5 Fire point (definition) ............0. 000.000. e cece eee eee 1-4.9 
Oil handling-areas: 8.32 sheaiot dew sae node st aed vas oar O-Ouk Fire prevention 
Refuse derived fuels (RDF) areas .............0..005- 7-4.2.3.5 Biomass fuel plants ... 2... 0... eee 7-5.3 
Turbine-generators... 26... eee eee TALE Combustion turbines. ............00 0000 eee eee 6-5.2 to 6-5.3 
Electrostatic precipitators...............0.60 0c e eee 2-4.7.2, 5-6.4 DHMH OM > res cet aos sae Meooa bmn tee Steen pe ascysoetal els tosesnage Gave cate 1-4.10 
Emergency generators ........6. 00. eee ee 5-9.1 HVDC converter stations. ..........0.00000 eee 8-3.3, A-8-3.3.4 
Emergency lighting ...... 0.2... 0c BT Mass burn fuel plants... ....... 0.00.0. 2 eee 7-3.3 
Emergency shutdown .....................+.....+.+ 3-3.3, App. D Refuse derived fuel (RDF) plants............... 7-4.3, A-7-4.3.5 
Enclosures Risk control program .. 12.0... 6.0 0c ccc eee 2-3 
Electrical equipment ..... 6.6.1... eee eee eee eee ees 66 Rubber tire plants ............ 0000000000000. 7-6.3, A-7-6.3.3 
Turbine ... 6616s e treet eee eee ee 6-5.4.3.2 Fire protection 
Environmental considerations .............6.. 00000 e eee eee 3-6.8 Biomass fuel plants ......... 0.0 e cece eee eee nee es 7-5.4 
Equipment, auxiliary ....- 22... 6-0-1. - eee eee eee BD Boilers; auxiliary 6 voi0:5. stoner ds, veel pete ne ea tence gyn ee we DDI8 
Exciter ae ee Bi A Ses ie hth sack is meatier Coal handling and storage areas ..................2....-5-4.6 
Explosion prevention Combustion turbines. ...........0+ssseesecuceeeees 6-4, 6-5.4 
Biomass fuel plants BEM BAG PES BIRE ETO 8G SAO 0: 8s FARO Te A HOLS 20s OTe ee (8 2S 75.3 Communication rooms. ....... ccc ccccccccccccccccce es 58.1 
Mass burn fuel plants... 2.2.0.0... 0.00.00. e cece eee eee 7-3.3 Ga teh oa 5-81 
Refuse derived fuel (RDF) plants ............... 7-4.3, A-7-4.3.5 eee Sess, E80 pat u sah be Aish PQ Ob te ee 6 
Rubber tire plants.........0000.0000eseeseeeas 7-6.3, A-7-6.3.3 Cooling Be re ee oe Aas Sone An : oe 5 
Explosion suppression D GARI Odio ct echt, coe tect twine ns att eoltgen inl 1-411 
Biomass fuel plants.......... 0.0000 c cece eee eee 7-5.5 . : 
Electrical equipment... 2.6.0... 6... ee BB 
Coal: dust COUSChOES 546g he No eed Ce eb ere aoe PABA) 
Emergency generators... 2.0.6.6... cece eee eee BO 12 
Mass burn fuel plants ................0....0-00004 7-3.5, A-7-3.5 Fire pumps 5.9.4 
1 MTV OS vote ist antec 4c seating er Steed ice tap eb evactectis oases airs ey Stee: ee antennae <I. 
Refuse derived fuel (RDF) plants ............... 74.2.3.7, TAD ad aA CERES a 
Pon a plants or Pie = oR eg Pd aw be aw ESR ap . oe Limestone conveyors... 2... 0.66.00 e eee eee eee eee 56.6.3 
Plosion venting .. 1.1... eee eed see Venting M b fuelDlant 73 4 
Extinguishers, portable fire.................... 4-5, 9-3.1.4, 9-8.2 ot ee yet Mane es Sadie s hk ob eee wee he ~ 
Extinguishing agent, selection of..........0.00.0.0sseseees 46.2 Oil handling and storage facilities .......................5-3.9 
Extinguishing systems. ... . 4-6, 4-7.1; see also specific types of systems, Refuse derived fuel (RDF) plants... ......... +++ +++ +5500. 744 
e.g., Foam extinguishing systems RUbbEr tire: plants, M55 wecoss gle sne Pak NE ag ea le Ee 7-6.4 
Construction sites...............045 9-2.7, 9-4.4.2, 9-4.5 to 9-4.6 Scrubbers and exhaust ducts ............000000 0004+ -9-6.5.3.3 
High expansion foam... 0.2.6.6... 0c eee eee 6-5.4.5 Steam generators... 1... ec ee eee een DBL 
Tnterlocks fori Sic a tik Se i ee Se eR 7-4.4.4, A-7-4.4.4 Storage rooms, offices and shops.................5++4+..5-9.2 
Localized. ... 0.0.0... 00 00000 e ee es 53.9.1, 5-7.4.1.4, 6-5.4.4 Turbin€-gen eaters... 00528 os Site es Shae Oe Site 5-7.4, A-5-7.4.2 
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Warehousesi22:3o 205206 iu a ete RES te EE Ale 5-9.3 
Fire protection rating (definition)........................ 1-4.12 
Fire protection systems... ... 0.0... 0... eee ee Chap. 4 

Impairments. co. 5,05.55 Po whe hoe Sahel s whale eek 2-4.2 

Testing, inspection, and maintenance ........... 2-4.1, A-2-4.1.2 
Fire pumps so 3c)6 022 38 Leet Bales Bathe BOL eet 4-2.5, 5-9.4, 6-4.2 
Fire rated penetration seal..................... .3-2.2.1, A-3-2.2.1 

Definition”, oer eas Sao ey abe Sebel ewes bee 1-4.13 
Fire report, sample... ... 0.0.0.0... cee ee App. B 
Fire resistance rating (definition) ........................ 1-4.15 
Fire risk control program. ............0 6.000 e eee ee Chap. 2 
Fire risk evaluation ............ 0.000 cece cece eee cence ee Ol 
Fire/shutters: io. e's Goat elo fo a Gl aw ao Mah A wo 3-2.2 
Fire suppression 

Hike eas. cites. Mesea Ye cade patna he wee see Extinguishing systems 

Manual, silos and bunkers................... .5-4.2.6, A-5-4.2.6 
Fire t6Sts> 3.15 55. ata tan, lain Soe OM a ae lek ae CU a aay App. C 
Fire walls ............ .3-2.4.1, 3-2.4.3 to 3-2.4.5, A-3-2.4.3, A-3-2.4.5 
Fire-resistant fluid... .......0.00.0 0.00 ce eee C3 

DOAN OD 33: ahi Seka Ae be Ma Ager Sy gASnds GA nase Seiya! ae 1-4.14 

Lubricating oil systems. ............000 000 ee eee eee TB 
Flammable gas monitors. ....... 0.0... 0.60 c eee ee DAZE 
Flammable liquids...........................5-3.8, 6-5.3.1, 9-4.9 

DANTON 3). Sioa yng Aged ona Sid Sona hood ohaidiand, He alaaw 1-4.16 
BTC Basie fe Asst sah otis ed raha she Sine wi nead tushy ahodin ge ave OO 

Bag-type dust collectors ......... 0.6.0. c cece eee 5-6.3 

Electrostatic precipitators .... 6.00.6... eee eee eee 5-6.4 

BATS 25 oasis F buadse tet cea set ta waaw art ue wba Ge, Aas mead S 5-6.1 

Regenerative air heaters... 2.0.0... 0... c cece eee 5-6.2 

Scrubbers and exhaust ducts.....................5-6.5, A-5-6.5 

SLACKS ies vss scale, acetic: syne t sete abened rel Sachieled ac tisUapelst igh Soeapines ar teb 5-6.6 
Fluid 

TIPE -PESIS CAN Use) oss, DS Noses Ma sosss i aod, do Sh aot bth shores gas C3 

Definite cst soe aay Re ago Sie at 1-4.14 

Nonflammable (definition) ............ 0.0.00 cee eee eee 1-4.17 
Foam extinguishing systems 

Combustion turbine plants ...................0.. 6-4.6, 6-5.4.5 

Bite oil tanks 9.7 rela tN Ss eho PON, 2 ed Cee hiod, 64, asso DDS 

Steam generator plants ...............0.000000000-2.- 55.1.1 
Foams 

GAaSS Aiea) co re a alate Sik geaterey agli dacs dake gi ai slaseg, (0 -A5226, A254. 16 

High EX pansion os: 5.5 css dG, Soka. ie Was Sava ee Ss aot 5-4.2.5, 6-5.4.5 
Foam-water sprinkler and spray systems 

Bote mses sajs yc utes eh laal ie Daeete te Gallas ae Gs Ase biases saslents s BDO 

Emergency generators .........0 0.00 e eee ee eee eee) BOQ 

Fir€ PUMP Staak sien. Ghee Aerated, Ged Sonaiand, Ga eae 5-9.4 

Flue: Gas fans: 5 ois sake cs hol ntis a dake disc vets dusters hes del 

Pine] i) Pla tis si oe se se, sha Sik Gao aid a, ovate esd: Osea. dl aes 6 O29 

Rubber tire plants................00.. 7-6.4.5, 7-6.4.8, A-7-6.4.6 

Steam generator plants ...............0.00 0000 ee ee BSL 

MANSLOTINETS cess) Soy 55- hiss Mossi c Save 6 hol Debi Ol ag suds co Su ee eh 5-8.6 

Turbine-generator plants..........5-7.4.1.1, 5-7.4.1.5, A-5-7.4.1.1 
Fossil fuelwe2 3c Saieg te wats Matin. Uae kes ele agin ike Oe, 

Definitions: ecisjasaae a tat apes ath Sa eeith anes, HG ed ME Ae 1-4.18 
Fuels ..........: see Alternative fuels; specific types of fuel, e.g. Coal 

-G- 
Gas 

BMG es Gach: co heck eee hee eo ea eing pee a kere see Flue gas 

Fuel handling s.6. goo eo yi ewe es Ld tee dis Saran 45.35 DD 

TR ena ae eed oo ee Mie teak ego di ase DADO, ABA 26 
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Gaseous extinguishing systems 


Cable spreading rooms and tunnels.................... 5-8.2.1 
Coal handling electrical control cabinets ............... 5-4.6.4 
Combustion turbines and diesel engines................ 6-5.4.2 
Drainage. t.c2 tice eiiy hate Sak Lata de Sidstee tid stan Onecet sans Hea eave OPO: 
Emergency generators .... 0.6... cece eee 5-9.1.2 
Fuel oil plants s25 estos Sa late tea Ra lel a Wiad oa ar ae ee PO 
HVDC converter stations 2.0.6... 6... cece eee eee 8-3.4.5 
Raised floors, Under o.oo. cos dc ssn die ne tote ac ds ese 4 whee si ecaless 5-8.1.3 
Turbine generators .............. 5-7.4.1.3, 5-7.4.2.3, A-5-7.4.1.3 
Ventilation: 4.003 see 505 ee Eis Bie ies dee SBA 
Generators 
Diesel electrical ........ 6-5.4, 6-5.6.3 to 6-5.7, A-6-5.6.3 to A-6-5.7 
FMCTS CN CY). fi isocd eat tet ataenty ted lines Braeden sedges baarle) oaads Mahal got OAM 
Heat recovery steam 4s enc oie eke ties Hee ae Me tue IS 6-7.1 
Internal combustion engine..................64. 6-5, A-6-5.1.4 
STEAM se. dished ded de Badia Due de wie kleatag caveats oe dlpale wiee: D2 OFZ 
TUPDING hid isaac he a ete By CE EL Bie a 5-7 
-H- 
Hazards 
Combustion turbines. ... 2... .. 00.0 c cece Chap. 6 
Fire protection systems .... 2... 6... 6. eee eee 46.3.2 
Identification of and protection against ............... Chap. 5 
Materials, identification of fire..... 2.0.0.0... eee eee 2-5 
Heat recovery steam generators............ 000.0000 eee eee 6-7.1 
Heat venting..........................3-5.1.1 to 3-51.2, 5-6.5.2.2 
Heaters 
Coal handling systems... 2... 0... ees 5-4.5.5 
Regenerative air...... 0.0.0... 0 eee eee 2-4.7.1, 5-6.2 
Hleating systems’. 31.3.3 att cgay ace ahh gates WPS ate eso dare eset als 3-5.2 
High fire point liquid (definition) ........................ 1-4.19 
High voltage direct current (HVDC) converter stations..... Chap. 8 
Definitionss:-23-5 FAs BASES a8 Lea tala dis 1-4.20 
Fin€- Prevention, oy cee ees eae ea tans beg ee cna eens 8-3.3, A-8-3.3.4 
Fire; ProteCuoni ays este a eels RA I el Seb nee 8-3.4 
Plantarrangementi a... 3 3 sates asa eo hae oo aS 8-3.2, A-8-3.2.1 
Hose stations 
Biomass fuels ........000 0000 c cece ee eee 7-5.4.2, A-7-5.4.2 
HVDC converter stations .. 1.2.6... 6. 00 0c eee eee eee 8-3.4.1 
Mass Duin fUels:s .. ... wich Sate wis Ghee arnlagse APD eis eald oi eteials 7-3.4.1 
Refuse derived fuels (RDF) structures.................. 7-4.4.1 
Rubber tires... 0.6... 000. e eee 7-6.4.2, A-7-6.4.2 
Hose: thread) ise .i0. ds aac ee hn Cae A Des 4-4.4, 9-8.4 
HOSES: coset eet eed RARER Ao te eee Es 6 9-8.3 
HVDC... see High voltage direct current (HVDC) converter stations 
Hydrants Grey ici. 55 States, 9 hated teed Shin gdb Sa eeo ohn ea S 4-4.1 
GONSTFUCTIONL SITES oe fac is ines Sete Rade oad botglay ged. ara wha brdew oan 9-5.1, 9-7 
Electrostatic precipitators.. 2.2.0... 6... eee eee 5-6.4.3 
Fuel oil platits: 2.0.) 0.50 0.44 hacia Ards addi Ads faded 4 923.93 
Hosethreads 3s: stbateciiods gridebd: Geld taigen dh Bolts Sala 4-4.4 
Substations and switchyards ............0 000000000 0004..5-8.7 
Hydraulic control system, turbine-generators ................5+7.2 
Hydrogen systems ................ 00. cee eee eee 5-7.1, 6-5.6.1 
BireSi ic Oie ett ath dba bl ta ed ee ath ot Lol 2-4.7.4 
Storage facilities: 4.062 eect eae daca Pa Pha ence hte bad bere DZD 
-I- 
Impairments, fire protection systems....................... 2-4.2 
Inert gas 2.0... ce cen ee ee 54.2.6, A-5-4,2.6 


INDEX 850-49 
Inspection, fire protection systems ............. 2-4.1, 4-3, A-2-4.1.2 GONVEVOTS 2nd dah tae tote oleate Wiis Alaa die 3 7-4.4.3 
Interior finishes. ..........0.0000 000 cece ee eee eee 3-4.4 Definition... 0... cc ccc eee bebe eee eeeeeenes 1-4.27 
Class Aw... cece ee eee eee es D442 to 3-443 Fire and explosion prevention ................. 7-3.3, A-7-3.3.4 
DFO Ni 5:5.0.5 56, 5 shes, Fs. Bye aed Bere Ge apd ge 1-4.21.1 Fire protectionwiscis sue fend tee nae ete hataldntn hat! 7.3.4 
Class Bowe. eee eee eee BAAS Plantiarrangement’....3 0s ees iyat dak oats ws noel ge eeale cae’ 7-3.2 
Definition ...... 00... 1-4.21.2 Storage pit, charging floor, and grapple laydown area.... . 7-3.4.5 
DEHMIMOM ies hse heat lee eevee lee ere Reale ede aca ed 1-4.21 
Interlocks. ......0. 0.0. c ccc cece ee eens 7-4.4.4, A-7-4.4.4 -N- 
Noncombustible (definition) ........................0000. 1-4.28 
“L- Nonflammable fluid (definition) ....................0.005 1-4.17 
Labeled (definition) ............ 0.0.0... cee eee eee ee 1-4,22 Nozzles 
Less flammable liquid. ...... 2.2.6... 6c e  BQAT Ose echesie le tiated elie CE IN EB AE es 4-4,3, 9-8.3 
Definition . 2.0.6.2... cee eee eee ees 1-4.24 MGM tO tii crete ts eyes tardne tena dee Hea ee see Monitor nozzles 
Life Safety: ..o:coco boo hag tedes SSG 044 Pee tds PEG Ma Koweds Hee E ESO 
Lighting, emergency ..... 0.6... 666.6 BT -O- 
Lightning protection... ..... 6.66.6... eee eee eee ee 38 Offices 00.00. ccc cece cece eee eee eens es B3.2(3), 59.2, 9-4 
Limestone conveyors ........66 6.06 c eee eee ee D654 Oi 
Limited combustible (definition) .....................60. 1-4.23 Drainagetorin of sacs cha ecient leh 6S 
Liquids : Fires PrOte CH Ons, «0 psec acs sh iedete ele p Sayduteendspsoetutnale: > Seudvtaone: soedsteate ODED 
Gombustible.. eco e ele e ethe ets ote eat aa cana ae 6-5.3.1 ; 
Dea anioigs Sarrerivic sits Goanigigh aineanivc aid 14.7 aha at eR ek Sic ha ieee ee os 
DiGaineawes sacs ds stung tar baatotss deta alnaahenealgar den see Drainage Hydrogen seal ..... 6... 6. cece eee eee eee ee BTL, 5-7.4.4 
ae Lubricating......... 2-4.6, 5-7.3, 5-7.4.1.2 to 5-7.4.1.3, 6-5.3.1(e), 
Flammable................ 2000s eee ds see Flammable liquids 6-5.3.3, A-5-7.3.6, A-6-5.3.3 
High fire point (definition)... 0.0.6.6... eee eee cease 1-4.19 Storage and handling fuichite bed ad waded bids Addeetg GDB, D-74S 
ress Sar ADIC casei eg ens soem aay daa sero ate eu eee Oilinsulated transformers .... .. 3-2.4, 3-2.5.2 to 3-2.5.4, 3-6.6, 5-8.6, 
Definition: « x. sabes oes aiageaies cits das kak en eked 1-4.24 A-3-2.5.2 
Listed (definition). ............ 0.0.0.0 e eee eee eee 1-4.25, A-1-4 Outages, precautions during 
Lubricating oil systems... ... 2.2... eee 2-4.6 Bins, bunkers, and silos... 2.2.6.6... ce eee eee eee BAD 
Combustion turbine generators ..... 6-5.3.1(e), 6-5.3.3, A-6-5.3.3 SCCUDDEIS Hu ek ea thaide ta sei eee ODO SSS 
Turbine-generators......... 5-7.3, 5-7.4.1.2 to 5-7.4.1.3, A-5-7.3.6 
-P- 
-M- Penetration seal, fire rated .....................3-2.2.1, A-3-2.2.1 
Mains, Yard: o 2 ccc834 co a.c8 eeu ad aegis ees 4-2.3, 4-4.1, 9-7 PGA TIONS ss hoe his atl atest ere eae cee ean uate Nene cd 14.13 
Maintenance Plant. design.« <2 eats ao. ey a ee OS Rae SIRE Chap. 3 
Fire protection systems... 2.0.0... cee eee eee eee 2-4.1 Biomass fuel plants ............ 0.000020 7-5.2, A-7-5.2.6 
Hydrogen seal oil pumps.............0.........00.-.-5°7.1.4 Combustion turbine plants........... 0.5.00. cece eee eee 6-3 
Operating equipment. ....... 26.0... cece 2-2.2 HVDC converter stations. ...............00005. 8-3.2, A-8-3.2.1 
Management of changes... ... 0.6.6.0... 00 ccc eee cena 2-4.3 Mass burn fuel plants. ......... 0.066 c eee 7-3.2 
Management policy and direction ..................000 000005 2-2 Refuse derived fuel (RDF) plants.....................00. 7-4.2 
Mass burn fuels... .... 6.6... e eee ee eee eens 7-3 Rubber tire plants ..... 0.0.0.0... eee ee eee 7-6.2 
Boiler feed equipment................ 0.00. c eee eee eee 7-3.2.6 Peal Ger ieeeehc hl sect al eee a es Gi ae Bataan ed 9-4,7.6, 5-5.2 
DenitiOn ie... ecru, Siete ede ayecg wie ngs dub wvegors a Sane ee Ee 1-4.26 Pumps 
Explosion suppression ............00 0000 eee 7-3.5, A-7-3.5 Boilerfeéd vin. aitieds aks AER Re ae a Gee eek ae 28058 
Fire and explosion prevention. ............ 0000.0 eee eee 73.3 FTG is caihs gasp he tea erg shine iach See AER aya SO eR ED 4-2.5, 5-9.4, 6-4.2 
Fire protection. 0.0... 6... e een ene nes 7-3.4 Hydrogen seal oil... eee ee TL 
Plant:arrangement esc A iene Aen wea en 7-3.2 Lubricating oil.......................5-7.3.2, 5-7.3.7 to 5-7.3.8 
Materials Purpose of standard ............ 0.06 c cece eee eee 1-2 
Construction .................2..085 see Construction materials 
Fire hazards, identification of ........0.. 0... cee eee 2-5 -R- 
Measurement, units of ......... 0.0.0.0 1-5 RDB teed oe eek bile ard see Refuse derived fuels (RDF) 
Monitor nozzles Referenced publications ...................... Chap. 10, App. E 
Mass burn fuel plants................. 7-3.4.1, 7-3.4.5, A-7-3.4.1 Refuse derived fuels (RDF) ............ 7-4, A-7-4.2.3.3, A-7-4.2.4.2 
Refuse derived fuel (RDF) plants .................... A-7-4.4.1 Boiler feed equipment .............. 0.00.00 ee eee eee 7-4.2.4 
Rubber tiré-plants’ ifs pes 3 Se OS 7-6.4.6 GCONVEVOTS sscccheseicnins cme tae he ieis uN AS ge ee stigs be ened es 7-4.4.3 
Monitors DICH NTO Ds 68 85 soe dela als aed a drake eae Rar Rine AER open eraed, wp eheneae tale at 1-4.29 
Carbon monoxide. .......... 0000 c eee eee eee  DA2.7 Explosion suppression. ............0 0000 e cece eee eee eee 7-4.5 
Combustion turbine............ 00.0 cee eee 6-5.2.2, A-6-5.2.2 Fire and explosion prevention ................. 7-4.3, A-7-4.3.5 
Diesel engines if enlodins Be wiusdelae ate ene ah A oka wise 6-5.3.2 Firé protections.» 34 ol hk Woe hoes dade ae hidatad Seda de 7-4.4 
Flaminable ¢a8 3.42 nics naeae-c may ols wmndsw pea baw eg cee OE ZA TnterlOcks 5; 2a cent bias ates ates amon Pact a 7-4.4.4, A-7-4.4.4 
WidE Oss. cided hi ge Oe ES 7-3.2.6, 7-4.2.4.1, 7-5.2.5, 7-6.2.2 Plantarrangéement: 2:20 sad Medes Laid ead bee Sas 7-4.2 
Municipal solid waste (MSW). ... 2.0.6... c ccc 7-3 Relay. rooOmss iio... fe 8 iG nd Oe Re FE Rs ee aie Pe Bee SE D-BLE 
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Rooms 
Battery. 2g ices tie) Sacsis hos a Naas Wal eee a ao gatas ae se ay do AN 5-8.5 
Cable spreading ............ 0.000000 0000 00+-+ 3513.3, 5-8.2 
Control, computer, and communications......... 3-5.1.3.3, 5-8.1 
SOrageh csr ese hele Sh le SS a le es ee 5-9.2 
Switchgear and relay..................0++...+. 3-5.1,3.3, 5-8.4 
Rubber tires! 2.05. 24. yec Gauls aig avis ad eainis wa isadtiged see Tires 
-S- 
Safety, fire suppression systems....................-.0005- 46.3 
Scope of standard... 1... 6.0... 6c eee nee 1-1 
Scrubbers ...................000 000004. 3-3.2(6), 5-6.5, A-5-6.5 
Self-contained breathing apparatus (SCBA)... . 2-4.7.3, 7-3.2.5, A-5.4.2.6 
Sensors, temperature .............. 5-3.2, 5-6.2.3, 5-6.4.2, A-5-6.4.2 
SHOPS ?.5 36: sisy a gush veges t Me vate a tnsaasntsted obs teat ameteiaay Dedede oa 
Should (definition) ............ 0.0. c cece eee 1-4.30 
Shredders, refuse derived fuels (RDF)........ 7-4.2.3.1 to 7-4.2.3.8, 
7-4.4.11, 7-4.5.1 to 7-4.5.2 
Signaling systems ............. 0.00 e eee eee eee 4-7, 6-4.4 
Silos;:coals acts. ta cea yeahs Meas 5-4.2, A-5-4.2.2 to A-5-4.2.6 
Site clearing ).2.0.0 208s ah sic 8 atts 8s GRD S AEN PERE eats 9-3.1 
Smoke dampers ...........-...-.-0 00000065 see Dampers, Smoke 
Smoke venting. ............ 00.0. cece eee eee eee) HSA, 3-5.1.3 
Special purpose industrial occupation .............. .3-3.2, A-3-3.2 
Sprinkler systems 
Biomass fuel plants................0.0 000000. 7-5.4.4 to 7-5.4.6 
Boilers). 23 eed Ss een AS Gis ele RS Sle a toate OO IOI2 
Cable spreading rooms and tunnels....................5-8.2.1 
Coal handling areas ...............5-4.6.1, 5-4.6.2.1 to 5-4.6.2.4, 
5-4.6.4 to 5-4.6.5 
Combustion turbine plants ............ 0.000000 0 eee 6-5.4.1.2 
Computer and communications rooms .................5-8.1.3 
CONStMICHON SITES 0 ae ee ees Sd ead Vd 9-4.4.2 
COONS OWETS ap cee ee iit ack a tecntiact on ata Sen tacip on tacts 5-9.5 
Diesel electrical generator plants .................4-. 6-5.4.1.2 
Emergency generators ....... 20.00.00 e eee eee eee ee) BOQ 
Bin, PUMPS 2s ooo Waa a a a aa a A ela tele ears 5-9.4 
Flue gas plants ......... 5-6.1.1, 5-6.4.3, 5-6.5.2.2, 5-6.5.4, 5-6.6.2 
Foam-water .........-5 see Foam-water sprinkler and spray systems 
Fueloil plants i...dc4ccgtsersetsaredesevsotsaree cae OOO) 
Manitial 03.2) ainn tna da aka de Stine wise nae tw woe be 5-7.4.2.4 
Mass burn fuel plants....... 7-3.4.3 to 7-3.4.4, 7-3.4.5.1, A-7-3.4.4 
Refuse derived fuels (RDF) plants. ..... 7-4.4.2, 7-4.4.6 to 7-4.4.11, 
A-7-4.4.7 to A-7-4.4.8 
Rubber tire plants................0.. 7-6.4.3, 7-6.4.10, A-7-6.4.4 
Steam generator plants ............0 000. c eee eee eee DS 
Storage rooms, offices and shops ..............0.0000005 5-9.2 
Turbine-generator plants......... 5-7.4.1.1 to 5-7.4.1.3, 5-7.4.2.1, 
5-7.4.2.4, A-5-7.4,2.1 
Warehouses s.3 6 s.a2 ic Ghee Ab Raora Ghaer a oheoie Ghee wane 5-9.3 
Stacks) 0 Snsio)dts Uae a Ra es eat pa Aa tl 0.6, ES 
Standpipe and hose systems...... 4-4.2 to 4-4.4; see also Hose stations 
Electrostatic precipitators ............ 06.00 eee eee ee 56.4.3 
Flue gas bag-type dust collectors .......................5-6.3.7 
Scrubbersys 2 o4c Maree ah Oele gre hs SAE Sa aoe ae 5-6.5.3.3 
Steam generators ............. 0.0. OS, 67.2 
Boiler feed pumps! i.0y cae siec desea d oe lees paged os iow ds DEDIS 
Firéprotecuon: sii oe Soe e oa See a is Se oa Sew 52D.) 
Pulverizers,; j-s.i06s esceed ad hee es feed ake es ened wae? Deb 2. 
Steam turbines .. 0.0.0.0... coset ee eee eee 6-7.2 
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Storage oni d ed i$d 2 se eee Gs Bel aed bo DO? 
Biomass fuels ........0.0.. 000000 e eee 7-5.3, 7-5.4.4, A-7-5.4.4 
GCarbon:dioxide 's 3% cies g stig 8 oh t se dae led ada et He A-5-4.2.6 
COA) send eid SEP ends A hak IM ed boleh 2-4.7.5, 5-4.1 to 5-4.3 
Construction materials ........0.0. 0.0.00 ee eee 9-4.4.3, 9-4.6 
Flammable liquids and gases ... 1.2.0.0... 06.0 e eee eae 9-4.9 
Piel Oily. cocina tard havea Sod eaetet Sates tds eke DS ol, D=3/ 9:3 
GAS sta. er singio) em aatra Nang) soevdr ini Mapa g Meats Meare) aed balla, oathdrats Damoll 
PIVOT REM 6.0: as hetet dh Oa ae PAGS aE ety toe lie ay ey Le REO 2 TD 
Municipal solid waste (MSW)... ......0. 500. e eee eee ee 7-3.4.1 
Oi ees a aunts hie ati eautadhgis dt, nee Saint alias Balan dees 5-7.4.5 
Refuse derived Tels (RDF) once ox Se wdc Se oe ee Si He Pek 7-449 
Rubber Gres... ede ae odie gs eeu yw balls 7-6.4.5 to 7-6.4.7 

StO rage TOOMS 5554.5 sees geal ake g Shs asad anaes soenadeeks de ae) se dots sshed ae ssh! OAD Sy 

Structural changes... 6.0.0.6. 2-4.3 

Structure classifications........................... 33.2, A-3-3.2 

Substations. .......0..00.00 0.0 ec cece ee eee eee es 8.7, A5-8.7 

Suppression systems........... 5 see Water mist suppression systems 

Switchgear rooms............... 6.00.0 000004+..-35.1.3.3, 5-8.4 

Switchyards: 3. 3/3.¢.000 tannin eee da Se heeled da ad SOON 

-T- 

Testing, fire protection systems ....................0-00005 2-4.1 

Tires, rubber .. 0.0.0.0... 00000 cee eens 7-6, A-7-6 
Explosion protection. ............ 0... 7-6.5 
Fire and explosion prevention.................. 7-6.3, A-7-6.3.3 
Fire: PROteCHON 5c eee ae Ha step Shane Ate Sew awe eee tala Soon 7-6.4 
Plant arrangement............... 000002 7-6.2, A-7-6.2.3 

Total flooding gaseous systems 
Combustion turbine generators. ............0 0.00000 ee 6-5.4.2 
Fuel oil handling... 2.2.0... 0... eee eee eee s BBG 
Turbine-generators .............. 5-7.4.1.3, 5-7.4.2.3, A-5-7.4.1.3 

Towers; COOMNG 35.5.5 hcededg Vee eda tego Peed whee tees SOLID 

Transformers 
Dry type 2h ase hts oasd teens HOES ote each cng om Rati oa Rs 3-2.5.1 
Oil-insulated........ 3-2.4, 3-2.5.2 to 3-2.5.4, 3-6.6, 5-8.6, A-3-2.5.2 

Turbine-generators .......0.00000 0. ee eee eee 5-7 
Fire protection....................0 002000... 5°74, A5-7.4.2 
Hydraulic control system ......... 0... eee eee TQ 
Hydrogen system... 1.2... 0... eee eee ETA 
Lubrication oil systems ........................5-7.3, A-5-7.3.6 
Oil storage areas .. 0.6 ee eee 5-7.4.5 

Turbines 
Combustion ..........-.-++ +e eee ee see Combustion turbines 
Stain) vor etiaret See hes eee bh Ah ced opted GPO ea eee 6-7.2 

-V- 

Valves, supervision Of .... 00... 0... eee ee 43 

Ventilation: oo. 5.5. 6st ce ga Ss dase weed swe ow awl aia ne ROW Ly 03.8, 

Venting 
Explosionestgic vita ces bate Cera eS 5-4.5.3, 7-4.2.3.7 
Heat ....... 0.0... e eee eee eee ee. B51 to 35.1.2, 5-6.5.2.2 
DMO 5.3 se sie, Sudha deena cate Ses BS ane one hoes we dleione OHO eb wy2On9 ALS 

-W- 

Walls, fire ............ 3-2.4.1, 3-2.4.3 to 3-2.4.5, A-3-2.4.3, A-3-2.4.5 

Warehouses. ... 0.0.0.0... 0000 eee eee eee eee 33.2 (4), 5-9.3, 9-4 

Water mist suppression systems 
Combustion turbine plants...................... 6-4.3, 6-5.4.3 
Dieselsengines:.s.:.. 5752 dota derncat bales taee hanes tay oy dle ages 6-5.4.3 
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Water spray systems Futel:oil plants: 3.20.00 jab ih ag taede ede id tad nde eh 039 
Biomass fuel plants......... 0... eee eee eee 7-5.4.4 Mass burn fuel plants... 2.0.0.0... 0.00000 e cece eee 7-3.4.3 
Bole r$2..b bch hb oeh awed dd daodia Ma dubhd 4d he bhidesid-962: Refuse derived fuels (RDF) plants ..... 7-4.4.5 to 7-4.4.6, 7-4.4.11, 
Cable spreading rooms and tunnels .................--.5-8.2.1 exe oe aT eer 

a ATS 5 coin IR RRR ORL wR aS -0.4.9 to /-0.4. 
Coal handling areas ........ .5-4.6.1, 5-4.6.2.1 to 5-4.6.2.4, 5-4.6.4 iaridearns cate i 
to 5-4.6.5 Steam generator plants. ....... 0.00. .cc eee ee eee DG 
Combustion turbine plants seat inch th ie MO hagd Cen aes aad th ata Met hacig dan 6-5.4.1.2 Substations and switchyards Ai a oa a a Se i a a PL aa ae a .5-8.7 
: TrANSfOFMETS sss: dey a gobi ea C6 eh Oy a ES Sa Te 8S Syd eS CO POLO 
COOlING. LOWERS: 4/8 e584 RRR RIS Dak Cs nS Me Rs 5-9.5 2 
. ; : Water supplies .... 0.2.6.0... eee 4-2 to 4-3, 9-7 
Diesel electrical generator plants .................06. 6-5.4.1.2 AA Ceus AGATE Se ote Pc ict ee ot Pence ete eo eye et 4.9.6 
Emergency generators .... 60... ee eee DOT2Q 
Hiré pumps: orient al a tthe dk Oak oar a od Gas is Wale 5-9.4 -Y- 
Flue gas plants. . . . 5-6.1.1, 5-6.2.5, 5-6.3.6, 5-6.4.3, 5-6.5.3.3, 5-6.5.4 Vardsmains j:c25 cies ce fscings safe cits aa fieuige sage see Mains, yard 
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